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CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS, 1951 


QUESTIONS AND ANSWERS 


To conserve paper the answers to a few questions from each examination are omitted, 
the selection being made to cover as wide a field as possible. 


QO. 1. 
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your answer y 
are the causes 


How is signal di 
means f 


»f signal distortion in 


A. 1. In telegraphy, signal distorti lint 
instants of operation of the receiving rel: r of t t of 
tl of the receiving instru I con 
corresponding operations of the tongue or 
transmitter. 

This method enables the distortion to be quoted in t 
related to the performance of the circuit, and for this reason it has 
been chosen as the method of defining tele distortion 
rather than by reference to the amplitude and shape of the received 
current ; it has the further advantage that it is equally applicable 
to any form of transmission, e.g 
voice-frequency. 

The sketch shows time charts for the sent and received signals of 
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a typical signal train. In any given transition 
time displacement of the signal char over (fr 
vice versa) from its true position The 
maximum relative displacement of any ps 
by the sum of the displacement of that t 
advanced and the displacement of that 
retarded. . 

The percentage distortion is obtained from the ratio of this sum to 
the duration (ft) of the shortest signal element. In } 1 the 
displacements are marked d, and d, and the perce 
is given by 
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rk to space, or 


total distor 


ransition whi 


transition whicl 


100 per cent 


Signal distortion in a telegraph circui 
primary coethcients of the transmission 
delays the increase of the received current to its f 
an extent depending upon the distributed 
effect of leakance is to reduce the amplitude of the 
and on single-current systems changes in leakance 
distortion. The line inductance is too small! to ciab 
affect upon distortion. Interference augment or 
diminish the received current, producing variable degrees of advance 
or retardation to the transitions and 
distortion. 

Asymmetry in the transmitting or receiving apparatus will cause 
either the marking or spacing elements of the signals to be con 
sistently lengthened and thus produce bias distortion. 
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2. Why are the r 


Give 


i on telegraph lines 


brating relay and explain 


normally 


vhen 


2. In the l t 
anical bias 


the 


non-polarised relay the 
ind the whole of the tract 


flux due to the line current 


armature requires a mec! 
must be provided by 
is proportional to the 
independent of the 


e lorce 
since this force 
square of the current the relay operation is 
current direction. 

With the polarised relay the magnetic flux from the line current 
only to overcome the flux produced in the armature by the 
permanent magnet; the tractive force is approximately propor 
tional to the product of the permanent magnet flux and the line 
current flux. Accordingly, the polarised relay has a superior 
sensitivity and it responds rapidly to weak currents too small to 
produce serious interference problems The operation of the 
polarised relay is also controlled by the direction of the line current. 
rhis means that double-current transmission may be realised, with 
its attendant advantages. ; 


has 


The sketch shows the circuit 
diagram for the auxiliary windings 
of a vibrating relay the line and 
balance windings are connected 
in the conventional manner. When 
the tongue either 
contact in the opposing 
coil is the direction 
the armature to 
position ; this tendency 
rcome by the steady line 
current until it commences to fall to 
zero In this way the opposing 
coil anticipates the transitions as 
electromagnetic effect 
that of the line coils. 
During the transit time the aux- 
liary windings disconnected 
from the power supply and the capacitor discharges through both 
M the direction of the discharge the acceleration 
rmature. opposite contact the 
acitor it assisting the effect of the 
line current to produce a firm contact pressure The accelerating 
coil « urrents only during the charging and discharging 
rvals. The tongue also repeats the signals into the local circuit 
With no current in the line armature would 
vibrate under the influence of the auxiliary windings at a frequency 
dependent upon the values of L, C and R. The use of vibrating 
relays produces a reduction in distortion and permits circuits to be 


worked at a speed higher than would otherwise 
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be possible. 


Q. 3. Explain the purpose of the lockinz arrangements provided on 
the keyboard of a teleprinter, and describe their action with the help of 
simple sketches. 


















































































































































Q. 4. Explain, with the aid of simple schematic diagrams, the mean- 
ing of the following expressions used in telegraphy. 
(t) Single current. 
(tt) Double-current 
(ttt) Telegraph repeater. 


YQ. 5. Give circuit diagrams illustrating two methods of obtaining a 
local record of the transmitted signals in teleprinter working. Explain 
the operation in each case and state the circumstances in which each 
method is used. 

A. 5. First method. This arrangement is depicted in sketch (a). 
Single-current teleprinter sig- 
nals are transmitted from the 
out-station over the local line 
into two polarised relays LR 
and T at the central station. 
Signals from T1 are repeated 
into the main line: at the 
same time the signals are 
repeated in double-current 
form from LR1 back over 
the local line to the transmit- 
ting teleprinter. The relay R 
responds to signals received 
over the main line and the 
series arrangement of LRI and RI enables the distant operator to 
interrupt the local record of the sending machine for such purposes 
as offering an urgent message, or asking for a repetition. This 
system has the advantage that no signalling current supply is re- 
quired at the out-station. 

Second method, When double-current transmission is employed 
necessitating provision of a source of signalling current at the tele- 
printer office, it is convenient to use the send/receive switch of the 
teleprinter to provide the local record. This switch is operated by a 
cam of the transmitter camsleeve and is in the send position for 
virtually the whole duration of a transmitted character, remaining 
in the receive position while the transmitter is at rest. By use of 
this switch (see sketch (b)) the transmitted signals are fed into the 
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line with the local electromagnet in parallel through 
impedance. 


a suitable 


0, 6. Draw a block schematic diagram of an 18-channel voice 


frequency telegraph system and explain the function of the various 
un in the diagram. 


lems Sh 











A. 6. The sketch shows the essential equipment, in block 
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schematic form, of an 18-channel voice-frequency telegraph system. 


Static relay. The function of this item is to impress the moduta- 
tions from the teleprinter transmitter upon the carrier current of 
the particularchannel. Using a metal rectifier bridge in the secondary 
circuit of a transformer, the load on the primary is controlled by 
double-current signals from the teleprinter applied to the rectifiers. 


50 


TELEGRAPHY I, 1951 (continued) 


The primary winding is shunted across the carrier supply feed to the 
send filter and in this way the carrier current is modulated by the 


teleprinter signals. 

Send filter. This is a band-pass filter whose mid-frequency corre- 
sponds with that of the channel carrier supply. Its functions are 
threefold: (i) to attenuate harmonic components from the tele- 
printer signals whose presence would otherwise cause interference 
with the signals in other channels; (ii) to suppress harmonic 
frequencies which may be present in the carrier supply; and (iii), 
since the 18 channels are paralleled on to the send line transformer 
at the output terminals of the send filter, the presence of the filters 
prevents the operation of the static relay from interfering with 
other channels. 

Line transformers. These are required to match the equipment 
impedance to that of the line: they also isolate the unbalanced 
equipment from the balanced conditions in the line. 

Repeaters are inserted at appropriate intervals in the line to 
restore the attenuated power to the correct transmission levels. 

Receive filter. The input terminals of the 18 band-pass filters are 
connected in parallel: each receive filter is tuned to select the fre- 
quency range proper to its channel: compared with the send filter 
the conditions are more onerous and double-section filters are used. 

Amplifier detector. The amplifier supplies the gain to apply the 
correct signal voltage to the detector. The detector or demodulator 
restores the D.C. envelope from the modulated signal so that the 
signals can be applied to the receive relay in the form of rise and 
fall of direct current corresponding to the instants of modulation. 
It is usual to incorporate an automatic gain control in this stage 
in order that moderate changes in line attenuation shall not result 
in signal bias distortion. 

Receive relay. This is a polarised relay receiving single-current 
signals from the amp.ifier-detector. By appropriate adjustment of 
the bias control, double-current signals are transmitted from the 
relay tongue to the teleprinter. 


Q. 7. Describe the construction of a rectifier unit suitable for 
providing the line current for a double-current telegraph circuit. 
Give a circuit diagram of the rectifier unit; explain what arrange- 
ments are adopted for ensuring that the positive and negative supplies 
ave closely balanced, and why this is necessary. 


A. 7. The circuit diagram of a rectifier unit suitable for providing 
the line current for a double-current telegraph circuit is given in the 
sketch. It consists essentially of a mains transformer, metal recti- 
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fiers arranged on the voltage-doubler principle, smoothing equip- 
ment and a centre-tapped potentiometer which, in association with 
capacitors, provides positive and negative potentials of equal 
magnitude, 

The mains transformer is tapped on the input side to accommo- 
date the normal input voltage range in steps of 10 V. The output 
winding is connected to the junction of two rectifiers in series, each 
rectifier shunted by a capacitor. During alternate half cycles, each 
rectifier passes a charge into its associated capacitor, the sum of the 
potentials being available at the smoothing circuit. One stage of the 
conventional choke-capacitance smoothing is provided. 

It is important to maintain a close balance between the positive 
and negative potentials or bias distortion to signals will result. 

The two 2,000-ohm sections of the potentiometer would give 
equal positive and negative potentials under no-load conditions. 
Under signalling conditions, one half or the other of the potentio- 
meter is always loaded, and the potential across the loaded portion 
is always the lower. The two 10 wF capacitors gain or lose some 
charge with the reversals of load by the telegraph transmitter, and 
provide a low impedance source to the transient conditions. 

rhe use of a voltage-doubler type of rectifier unit in association 
with the potential divider ensures that a well-balanced supply is 
maintained independently of any inequalities or ageing effects in the 
rectifier elements. 


Q. 8. Define the term ‘‘margin’”’ as applied to a teleprinter. What 
ave the arrangements adopted in the design of a teleprinter to secure 
the necessary margin, and why must this margin be provided ? 





TELEGRAPHY I, 


A. 8. The term “margin” applied to a teleprinter indicates the 
maximum signal distortion which it will accept while still correctly 
printing the signals. It is usual to measure margin by shortening 
and lengthening the start signal and so displacing the code elements 
with respect to the commencement of the start signal, the displace- 
ment being either early or late with respect to the true position 

In the design, and under normal maintenance conditions of the 
equipment, a certain amount of distortion must inevitably occur 
due to minor inaccuracies in the transmitter and due to the line 
and terminal equipment forming the transmission medium 
Furthermore, although the speed of the teleprinter is closely con 
trolled by a governor, some inaccuracy in speed will occur and cause 
transmitter distortion and loss of margin. It is necessary to allow 
for the maximum speed difference which may occur between the 
sending and receiving teleprinters: for example, a speed difference 
equal to 2 per cent. would result in an equivalent distortion of 10 per 
cent. at the commencement of the fifth code element. The margin 
of the teleprinter must exceed the permissible maximum overall 
distortion to give correct printing a good margin is essential to 
enable teleprinters to work successfully on long circuits and in 
switching systems where teleprinters may interconnected over 
several tandem circuits. 

In the teleprinter this margin is obtained principally by the design 
feature wherein the finger-setting blade need be in contact with the 
finger setting pin for only a fraction of the duration of a signal 
element in order to set a selecting finger and produce correct 
tration. The receiving cam is constructed so that this period occurs 
at the centre of each code element and so long as the electromagnet 
armature is in the correct position during this central short period 
the element will correctly recorded The electromagnet 
adjustable so that it can be maintained in a neutral adjustment 

rhe other important design feature which is closely concerned 
with margin is that the receiving cam is arranged to complete 
cycle in the duration of 6-5 signal el is ensures that the 
receiving cam will be stopped before e 
one character, having a late start signal, 1 
a character whose start signal is early. 
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A. 9%. A circuit diagram of the Test and Observation Set used in 
telegraph instrument rooms is given in the sketch. The set, which 
may be mounted with the teleprinter, either on a fixed table or upon 
a trolley, is essentially an apparatus unit comprising keys and milli 
ammeters. Access to any teleprinter circuit obtained via the 
Control Board either by permanent cabling to jacks on the control 
board if a fixed position, or by plugs and jacks for the transportable 
battery supplies are connected in a si! 
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set ; nilar manner. 
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The test set provides facilities for (i) observing signals passing in 
either direction over a teleorinter circuit, and (ii) making teleprinter 
tests with the home or distant teleprinter. When testing to the 
home teleprinter the incoming line is looped through the 2,000-ohm 
resistor, and when testing to line the local teleprinter send and 
receive wires are looped; in this way the teleprinter, which is in 
effect cut off, receives its own signals and is made aware of the 
testing condition. Centre-zero milliammeters in the line and test 
enable currents to be checked in the line under either 
servation or testing conditions. In this way the test set can be 
used for localising faulty working by determining whether the fault 
lies in the line equipment or in either teleprinter terminal 

The cLeaR key shown is used for sending a 5-second clearing 
signal on circuits which terminate on switchboards 

rhe set can also be used for originating or answering calls on 

speaker” circuits to control boards at other telegraph offices 
For this purpose a signalling set—not shown on the diagram—is 
associated with the test set. This signalling set provides the facilities 
for calling and clearing to the distant speaker set over a voice 
frequency channel. 
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Q. 1. Describe the construction rn lead-covered 


cable containing both coaxial pairs 


Q. 2. What are the s 
modating carrier telephone 
What steps are taken to kee} 


yurces Of cr 
system 
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A. 2. Crosstalk within a repeat 

telephone system terminal equipment may 

1) Inadequate decoupling between ca 
amplifiers. 

(2) Magnetic or electric coupling t 
apparatus (including distribution fra car 
carrier- or audio-frequency). 

3) Inadequate decoupling between carrier 
circuits. 

(4) Inadequate screening between panels or 
different channels, 

Crosstalk is kept to an acceptably low value 

(1) By ensuring that the contribution of 
so small that the sum of many such 
acceptable limits. 
B , 

3) By ensuring very s 
this effected 
balanced or by 
supply source, i.e 
frequency, thea adequate 


station ac¢ 
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vetween pairs interconnecting 
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frequency supply 
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circuits are necessary 


A typical example of the segregation of pairs carrying signal levels 
of widely differing magnitude is seen in the Group Distribution 
Frame; test signal level differences may be of the order of 30 db 
and to reduce the risk of crosstalk the frame is divided into two 
sections. 

Wiring between balanced elements is effected by twisted pairs 
often (except for audio-frequency circuits) are individually 
screened. Unbalanced circuits use coaxial leads which transmit 
frequencies at which the cable is self screening. Components very 
subject to mutual interference, e.g. transformers and inductors 
may provided with individual magnetic and electric 
Complete panels and sub-assemblies are usually provided 
magnetic and electric screen3. 

Decoupling between circuits using a common supply is effected by 
a2) maintaining the supply at a low impedance, and () ensuring 
that each load presents a comparatively high impedance to the 
common bus-bar. 
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LINE TRANSMISSION I, 1951 (continued) 


(a) if the impedance of C is much smallev than that of R. 
(b) tf the impedance of C is much greater than that of R. 


A. 4. The circuit is shown in sketch (a). 

If the impedance of C is much smaller than that 
there will be only negligible negative-feedback, and the elle a 
of C will be negligible in comparison with 7,. Therefore, the im- 
pedance presented to the primary of the output transformer is r, 
and the output impedance as measured at the secondary of the 


transformer is 7,/n?. 


of R then 
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If the impedance of C is much greater than that of FR then there 
will be feedback. The circuit is re-drawn as sketch (/ 
in which r, and = associated generator represent the valve 

If an alternating M.F. E volts is applied to the output windin 
f the transformer a will result a current of n/ amperes the 
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(a) to (d) show how the secondary coefficients 
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aw 
and the phase velocity vary with frequency when the transmission 
line is uniform 
Sketches (¢) to (A) show how these quantities are modified if the 
line is coil-loaded at regular intervals. 
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Q. 6. Describe briefly a master telephone transmission reference 
ystem suitable for the comparison of subscribers’ instruments, local 
lines and exchange transmission bridges. 

QO. 7. Describe with the aid of sketches how (a) a ballast resistor 
is used as a curvent stabilizing device and (b) a neon tube may be used 
as a D.C, voltage stabslizer. 


A. 7. (a) A ballast resistor is a device the resistance of which 
increases with the current passed by it. If, therefore, it is placed 
in series with a load impedance it tends to stabilise the load current. 

In its practical form a ballast resistor (or ‘‘barretter’’) is a fine 
wire which is usually of pure iron. It is mounted in a bulb filled 
with hydrogen, the purpose of the gas being to permit the rapid 
removal of heat while inhibiting 
oxidation. 

The form of the voltage/current’ 
characteristic of a ballast resistor 
is shown in sketch (a), the operative 
portion being indicated. Sketch (b) 
shows a barretter in series with 
the load, the current through 
which it stabilises. 

(6) A neon tube isa device the 
impedance of which decreases with 
the voltage ; it may 
therefore be used in parallel with 
a load to give voltage stabilisation. 
The voltage/current characteristk 
of a neon tube (after “ striking 
is of the form shown In sketch (c). 

In construction, it consists of two 
plates in an atmosphere of neon 
At low voltages its resistance 1s 
very high; when the voltage across 

the p yates is increased to a parti 
cular value the tube ‘strikes”’ and 
I its resistance 
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becomes conductive, 
then becoming progressively 
with further increase of applied 
potential. 

rhe direct application of the 
‘striking’’ voltage would produce 
a current of such magnitude as to 
destroy the tube; it is therefore 
used in series with a regulating 
resistor designed to limit the 
current to a safe value. 

Sketch (d) shows the complete 
circuit of load, neon tube and 
regulating resistor. 

Any increase of the 
voltage from its normal 
will result in a fall in the 
of the stabiliser and 
in an adjustment of the 
across the load. 
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Q. 8. Channel filters used in multi-channel carrier telephone systems 

usually employ either inductors and capacitors only or, alternatively, a 

mbination of inductors, capacitors and piezoelectric crystals. Discuss 
velative merits and limitations of each type of filter. 


A. 8. 
1.¢ they 
effective 


Ideally, the components of filters should be purely reactive, 
should have intinite Q (effective reactance divided by 
—— the whole of the relevant pass and stop 
Capacitors and piezo-electric crystal resonators can have 

very high Y values but inductor coils are of much lower Q even at 
frequencies at which that quantity is a maximum. 

Inductor|/capacitor filters. These may be used for channel-forming 
within frequency bands up to about 60 kc towards the upper end 
of this band the requirements for the inductors become very severe 
unless the frequency interval between adjacent channels is much 
greater than permitted by the existing C.C.I.F. standards. If we 
consider that the upper frequency limit for inductor/capacitor 
filters is about 30 kc/s it may be said that this form of construction 
has the merits of being che ‘ap, robust, easy to manufacture and 
adjust, and requiring re la itively easily obtainable raw material. 

Piezo-electru These employ not only crystals but 
also, in general, « apacitors and inductor coils: however, it is 
usually possible to allow in design for the comparatively low Q of the 

luctors. Quartz crystal channel filters are not often constructed 
for use much outside the frequency range 60 to 120 kc/s ; resonators 
for use below 60 kc/s become progressively larger and very costly 
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while those for frequencies in exces fa 1 2 c ome ¢ ‘ he outy if two] 
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The merits of the crystal filter are that, i eneral, the ti t fun ental and 

ranges are steep, low attenuation di tion in ti pa é an tte products. 

easily achieved, and the crystal ! mallet 

than its inductor/capacitor counterpa as, however ) , 1 me 


twork 
advantages of being a little less rob mewhz nore difficult t | 
manufacture and requiring a nparativel) rce ray terial. I tt 
JX, \ “SX 


S iX, 


. What would be the effect upon mu f the followis f 

tion in @ transmission path 

a) attenuation distortion ante 2 
I 


b) phase distortion l 

é delay distortion. 
amplitude distorti ( Let 
harmonic dist ) pe I 3 
intermodulation he 


the iterative 
n as the network 


age impedance, i.e. 


A. 9. (a) Attenuation Distorti ransmission { 1 having 
attenuation distortion introduces < nuation or ga vhich is not “4 V oe Lee 
independent of frequency over the 
amplitudes of the components « 
upset and objectionable repr 
common form the distortion ts 
range are attenuated relative to 
in the well-known ‘‘mellowness 
radio receivers 

b) Phase Distortion. This results in 
frequen les comprising a complex wa 
sitive to relative phase this is generally 
is some evidence that, if mode atonal 
the trained musician may be 

c) Delay Distortion. 
mission time of the compone! é 
beginning and ending of a discontinuous « 
sound unnatural to an extent 

d {1 mplitude’ Distorti 

innel is amplitude-d 
distortion it can be 


However, as it results in comy ssion or expat mw lt y be , } networ is 
frequency-dependent it shou be avoided as resulting in an uy 7 r can | delivered 


to the balance of the m ret - are non-dissipative 


Harmonic Distortion In view of the 


multiples of those present 

instruments playing a comr 

by their harmonic content 

disturbing and, in general, n more in abou ) per nt " inpu rt I 
Che P.D. produced across th 


re the same 

be demonstra 
rator of impedance 
network. Then tl 
acceptable 
} 


{) Intermodulation tortion. This ITs 1 mplex nal sy 


suffers distortion resulting 
of the components but also 
and inharmonic sum and diffe 
in music if inharmonic com 
Harmonic distortion 
separable, being due to 
plied to a transmis 
yrtion then both 
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The circuit is sh 

in the inducti 
vo 

across I 

oltage, V, 

‘ ss the capaci 

or sum of Riz an 


mpedance of the network be 


ultaneously 
will be n« 


signal but 


impedance, 


that impedance ts real 


mmetrical, Z will also be equal 





TELECOMMUNICATIONS (PRINCIPLES) II], 1951 (continued) 
The voltage V and current J will be in phase when ¢ = /AOB. V R I r w*M? 
>= t + jwl, + -—— + — 
The vector diagram of sketch (c) represents the various currents I, ills jwC  R, + jul, 
and voltages for this condition. From this it will be observed that But jwol, + l/iwl = 0 
i i wCV _ VL ip Ra + ot MY) + jaks Ry 
ne Fae ae wa © Ry + jwl, 
— (tan R/) : From which ha ; 
but, V = ine RT OT Z| V {es aM) + aL eRy 
C ly R? + wl? 
rai tL ] (R® + wl?) — 


j . 5,000 - 10 Rik I 0fR, 3-2 x 10# 
CR. LC "35-35 RP + 2-56 x 


. . 16 x 106 / 2: : 792 x 108 
a and, R, —_——— nccocremie - = 
l R 5 
” Jit ~ Lt which is imaginary. 


I ip COS (tan = Q. 3. Determine from the circuit shown in Fig. 1, assuming that the 


battery has negligible internal 
R | MEGOHM vesistance:— 
Vie 7 - iz (4) the current supplied to the 
Bieta I30V circuit when the battery is 
| in o/RE TL PL _L »- | MEGOHM first connected across it, 
7 a aneme + pF (b) the final value of the 
a — xi, battery curvent, 
V R* + wl? Fig. 1 (c) the final value of the energy 
stoved in the capacitor, 











Et y | R? L 
R + z(i< a i) CR (d) the time constant of the « ivcuit, 
_ Draw a graph to scale showing the variation of battery current with 
time, 

2. The primary winding of an air-coved transformer is connected 4, 3, When the battery is first connected across the circuit, the 
series with a capacitance of 2F across an alternator which has a capacitor is uncharged and at that instant can be regarded as a 
sistant output of 5 volts y.m.s. When the secondary winding is open 3 

é uited, the primary current has a maximum value of 100 mA when IMECOHM 
the alternator frequency ts 796 c/s. When the secondary winding 
hort-circuited under these conditions, the magnitude of the primary 





wvrent is veduced to 35:35 mA and the current in the short-circuited 

econdary winding is 8-83 mA. 

Assuming that neither winding has leakage inductance or self- 
capacitance, calculate the resistance and self-inductance of each and  <hort-circuit. The circuit reduces to that shown in sketch (a) and the 
the mutual inductance between them. battery current. for this condition, is 

30 

— , 20yA. 

15 x 108 Bites non 
s——t conditions stated, & is When the capacitor is fully charged, the circuit across the battery 
apparent that the capaci : ; 

2mF 9, . 

R R tance of 2uF resonates 
Pp . with the self-inductance 30 
of the primary winding, Ip , : 15yA. 
L,, at the frequency of ex —— 


30V 
T | MEGOHM?> | MEGOHM 








(a) 


I 
A. 2. Since the primary current has a maximum value under the : 





can be regarded as two 1-megohm resistances connected in series, see 
sketch (b). Hence, 


.. be ls " 796 c/s. The voltage across the capacitor is 30/2 = 15V. 
35:35mA 8-83mA The reactance of the the energy stored in it is 

‘ > capacitance at this fre- l : l 2 
quency is:- 3 Cv? = ot 1 x 10° x (15)® 








6 K 
~s 100 ohms 112-5 microjoules, 
2m 706 a 
nc The time-constant of the circuit is the same during charge or 
‘ 
196 x Ly 100 discharge. For the latter, the battery must be replaced by a short- 
circuit so that the complete circuit will then be as shown in sketch 
4] ' fa aoe : x From this it will be realised that the time-constant of the circuit 
iso, the resistance of the primary winding, Ry, is 5/100 10 i. 1 CR 1 x 10% x 15 x 108 
i.e. 50 ohms - 

ES 1-5 seconds 


orl, 100/5,000 0-02H 


As there is no leakage inductance, all the primary flux must be hus, the initial fall of battery current will be 
linked with the secondary and vice versa. Moreover, as the trans 20—15 5 C 
former is air-cored, there are no core losses and, hence, when the 1-5 1-5 or 3} pA/sec 
second: ris shor r » > Z an re Ss mus qu: . - . 
idary is short-circuited, the primary ampere turns must equal — ang the battery current 1-5 seconds after initial connection will be 
the secondary ampere turns, i.e. J y 63-2 
53-2 
ae 20 — x § 20 3°16 16-84yA. 
N, 35-3 4 100 # 
Pp l, 8-83 see the graph of sketch 
But the self-inductance of a winding is proportional to the square of 
its number of turns. Also, in this case, the magnetic circuit of the 
primary winding must be that of the secondary winding. Since the 
primary inductance is 0-02 H, the secondary inductance must be 


L, = L, (N,/N,)* = 0-32 H. 
and M = WL,L, = 0-02 x 


pNp = 1a Ny 


Substituting, 


< 0-32 = 0-08 H. 
Now, V (R, + jwl, + 1fjwC) I, + joMI, 
and 0 (R, + jwLl,) I, + jwMI1, 
] jw M . 
: R, + jwl, f 
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Q. 4. Draw a vector diagram to si t} ’ flowing in t rhen W, VI, cos 0 
primary winding of an , i 
across tt, and the e.m.f. induc t econ ‘ cos @ «= Pp. 
ts connected across the latter : neant by the nf VI, 
of this ‘‘no load”’ current known as the magnetising current, vd and /, = /, sin @. 
its magnitude could be determine 
' . 7 . The power absorbed by the primary circuit under th 
Upon what factors does the magnitude 
Ai te , is equal to the power dissipated in the shunt res 
of the *‘no load’’ current depend ? Deseri tepst to ve ‘ 2p ' 
etn: i.e. W, =1@R,. Since this resistance is regarded as being 
component in the design of transformers | t nication } 
purt 5 with the actual self-inductance of the primary winding, it mu " 
4 OSES. 
Vhat , , ‘ : to any property of the core which may cause a power loss. The core 
What assumptions weve made when the cl tagram was drawn ? } ~ 
loss or iron loss has two main components, namely, hysteresis los 
A. 4& The required ve. / Wy, and eddy current loss, W,. It can be shown that Ig is pre 


; tor dia n wes . a The portional to the area of tne hysteresis loop for the workin ycie of 
comparatively small ‘‘no load”’ current ags behine e applied 


voltage, V, by an angle @, and can be regarded as the resultant of two 
components, one, li, in phase with the applhiec Itag and the other, 


} 


magnetisation and depends on the max. variation in flux density 
Buax 


Way 7B’ uaxf X 10° Watts/c 
The eddy current loss is proportional to B*y,y and the square 
“4+ . the Irequency, /. 
3 k ; 
Ww, Btyax f* X 10° Watts/cc. 
P 


h 
nBywaxf X 10° 4 ; B'yax f? X 10% Watts 


v 
f and its magnitude can be reduced 
j (the hysteresis coefficient 


» as 





and p, the resistivity of the cor 
possible 

Hence, in an efficient transf 
should be made of a material 
hysteresis loop of the smallest 
which has a high resistivity 
the core to circulating (eddy) « 
increased by laminati 
powdered magnetic mz 
is separately insulated 

In the foregoing, 
the primary and 
its associated 
These have been repr 
sketch (d). The vector 








powe! 





and voltages in this circuit is given ir 


It will be observed that the E.M.1 
the secondary winding is no longer 

phase to the applied voltage and 
magnetising current of the primary 
actually less than 90° out of phase with 
Es daha applied voltage. 











(a) 


Im, lagging by 90°. The 1 

the transformer. Thus, 

winding of a transformer 
consists of a non-reactive re¢ 
inductance, Ls. see sketch 
through this inductance gene 

ey -I 

or, taking effective values, FE, 
equal in magnitude and opposite in pha 

‘+ E, 0, as shown in sketch (a 
open-circuited secondary winding, 
magnitude will be 


©. 





or, taking effective values, 
E, 
In the above 
N, is the effective r 
N, 1s the effective number 
and @¢ is effective value of 


A. When an 800-ohm resi 
N, which ts in phase with 


terminals of the network, 
TA \VVwL, output terminals is 
could be determined if the applied tage, its frequency, an 400 4 600 x 1,200 
effective inductance of the prin Vv ing I now! t w 600 + 1,200 
appreciated that the larger the prim< : y F 7 900 
will be the magnetising current, /,, and, refor t! naller t 600 4 <— 800 ohms (see sket« 
no load current, /,. 


In practice, /,, is determined by me ing tl OWE bsor 1 by rhus, the characteristic impedance of the network i 


the primary circuit, W,, when the secondary is oper rcuited the insertion loss of the network will be mi 


minimum Vij } 
the volt-amperes supplied to the primary, see sketch ; nected setween 800-ohm resistances. The internal impedan 











1951 


SCREEN 
VOLTAGE ,Vsg : 


AUNICATIONS (PRINCIPLES) III, 


400n mA 


Ws 


mi 
by 
which has a turns ratio of 


ae | 


Pp 


source can be 


as 800 ohms 


ide to appear 
a transformer 





600n 
s00 


200 





“arrangement is in ~---Isg 
tch (/ 

The loss by the net- 
work, when connected between 
800-ohm impedances, is found as 
follows:—When a source having 
an E.M.F é, and = internal 
impedances 800 ohms con- 
nected to an 800-ohm load, the 
current in the load is 


given 





caused VOLTS 


‘ ae from the anode to the screen grid. 
TRANSFORMER 
SOURCE 


I, amps. 


é 
1,600 


2 « S00 
see sketch (c) ) 
(d), the current 


load after the 
the network is 


sketch 
the 800-ohm 
insertion ot 
reduced to I, 


From 
in 


(¢) 





to the screen grid which is at 
these conditions, than the anode 
lo examine the effect of 


apparent that 


I, 
ss 4 1,200 
4,800 


Insertion loss - 
1,600 


20 log 20 logis 


I, 
10 
I, 
20 (0-4771) 9-542 db. 
introduces a loss of 0-5 db., the minimum 


O-d 10-042 db. 


Since the transformer 
overall loss is 9-542 
A carrier current of f c/s is amplitude modulated by an aud 
{q c/s, the modulation factor being m%. Sketch the 
uming that f is much greater than q, and calculate t) 
which it contains. Calculate the relative 
depth of modulation. 


resull 
rm, as 
ym po 
m pone 


‘ nl 
luu%, 


energy 
Sitive Vv 


When ¢ 


value 


is Oand y has ay 
R, 
describe the 
ity for 
can be 


With 


lity, 


meaning 
a 
caiculaled 
loop area 
1,000 


reference to suitable curves, 
terests loop, remanence and coerci 

how the energy lost in hysteresis 
a sample of magnetic material gave a hy 
juave centimetres when plotted to a scale of | 
{ and 1 cm. 10 oersteds horizontally. ( 
im watts per cubic centimetre of the material when it 
nl operating on a supply of frequency 100 c/s. 


hy magnet Ne 


l nd sh : 
Hes then, when ¢ is 0 (sketch 
the circuit will 
oscillator, for which 


K, {% 


1.e€. 


slevests , 
evest This 


man 71 
osclilate, 


cm. 
ulculate 


ally the 


; , and 
Explain the function of the screen grid in a tetrode val 
if a suppressor grid ts desirable in 


Include ketches 


» avoid this tendency to os 
anode t be pre vented 


addition valves int i I 


Hd in your answer 


tic curves typical of a tetrode and 


amplifier 
ilage chavractert 


the mus 


as an 


the triode 
‘ 


of 


i » of the tetrode valve over 
er at high frequencies, from the point of view 
lon, overed in the October, 1949 Supplement, Telecomms. 
Principle Lil, A. 10. 

A further disadvantage of the triode valve for use as an amplifier 
at high trequencies is also caused by the inter-electrode capacitance 
shown that the effective capacitance between gr 


self-oscilla- 


n, is fully 


It can be 
thode of a triode valve at high frequencies is, ¢ C, Cw 
is the actual capacitance between grid and c: 

Cye is the actual capacitance between grid and anode 
pe 1S the effective amplification factor of the valve 
Wherea at iow 


ple) (lr 


hi 


gh 
ly a 


load 


frequencies the effect of this capacitance 
lected, at high frequencies the reactance (1 
impose a load on the input circuit. This is most . 
as is Often the « at H.F., the input circuit is tuned to resonance 
With a triode the tuning would be affected by the ce 

With rid the effective capacitance bet 
and cathode is much smaller, being equal to the sum of the direct 
vetween the control grid and cathode and the control 


sistance is of 


tode 
21 tuned anode 


very 
ne wi $s qu ] 

1 wU) 1S quite | is effective 
will serious, whet 


amt 
an 
a scree! ween cont 
capacitances t 
grid and 


However 


screen grid introduces another unde 
the anode current/anode volts character 
been drawn. It will be noticed th 
n grid is fixed at a suitable p« 
es initially as the potential « 
is increased positively with a « 
However, at quite a low 


In 


tetr 


sketch i 
ode has 
ntial of tl 
t increa 

de, Ve, 
current, 


pote 


1e@ SCTee 


ur 1 lit r 
> curr 1 Alli en 


In screen te 


This phenomenon is caused b 


this consider sketch (bd). 


R 
1 —w? 
alue, 
and, if, in addition, 


jwCRR, 


earthed screen, known as the suppresso 


the 


constan 





(continued) 


the anode current, J,, begins to 
decrease—point A on the charac- 
teristic—and continues to do so 
until point B is reached after 
which the anode current increases 
again as the positive potential 
applied to the anode is increased. 
Thus, the working range of V, 
should never have a value less 
than V,, but, also between the 
points A and B, the anode 
resistance (dV /dJ,) hasanegative 
value. 

y secondary emission of electrons 

\s the anode potential is increased 
so also will the velocity of the 
electrons arriving at the anode 
increase. Thus, the anode is 
being continuously bombarded 
by a fast-moving stream of 
electrons and the force of their 
impact is sufficient to dislodge 
far more secondary electrons 
than the number of primary 
electrons arriving. These secon- 
dary electrons are attracted 


R 


a higher positive potential, under 


It will be 


‘ 
vl 
iwc R 
0. But, if r has a negative 


Li 


0 
0/0, which is indeterminate and 
is the principle of the dynatron 


R joL 


the secondary emission from 
is achieved by inserting an 
r grid, between the screen 
grid and anode, so that the 
valve has now five electrodes 
and is called a_ pentode. 
[ypical anode current/anode 
voltage characteristics for a 
pentode are given in sketch 
7). It will be seen that the 
‘kink”’ has been removed and 
that, above a comparatively 
low value of anode voltage, 
the anode current increases 
very slowly with anode volt- 

that is, the anode 
megohms—so that the 
device and most suitable 


illate, 


This 


age, 
order of 
t current 
which has negligible internal 


cos 105t 


> circuit given in Fig 


400N O-O5uF 


. 3. 
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Calculate the y.m.s. values of 
(a) the applied voltage, 
(b) the circuit current, 
(c) the t 
Obtain an expression for the voltage acr 
What ts the total power di t 


tpated in th 


ltage acy the capacitance 


A. 10. 


R.M.S. value of applied voltage 


" l 
Views e 3 


Impedance of circuit 
(i) For w 4 


10° radians/sec 
Zz 400 


500 \36 
For w 10° radians/sec 
Z 400 4 


7200 200 


V- 


tinued 


and voltage across resistance 
{ » 


2 l { 
Ve <— sin — 105% cos 105 +400 
(50u% 36" O2 2 4004/2 
cos 10% 


l 
O-8 V2 sin < : 105 ¢ 0-642 > 
, - 





R.M.S. value of circuit current, 


ah fl 
Teas al (as) “\ 800 


Power dissipated in circuit 
)-358 


2-358mA. 


Ww (Iems)* R ( 1,000 


Voltage across capacitor, 


400 \ 90° » sd 200 \ 90 


4004 


pw 5VU\ 36° 52 


R.M.S. value Vy 0-8? 0-258 0-84 volt 


LINE PLANT PRACTICE I, 


upports of 


und, 


in overhead route 
section. These t é 32 ft. lor t5 ft. gy 


oe. 4. 

Squ wecr 

and the 

load of 400 lt 

must be the 

maximum fibre stre 
| ime that each 

tle.) 


maximum wind l ing 1 timated t i equivalent 
acting ata jf support. What 
minimun : t 4 7 tion f ts 
; 2 O00 / 


4vau 


1. Height of application of equiv 
h 32’ 5 2 
Maximum BM at ground line 
Since from the usual b 
M/f, while 


section 


But for a square s¢ 


oo x x 
and 5° ¢ u. ir 360 cr 


f 
| 
| 
| 
ot ‘ 1.e. b 


iG The minimum lengt 


section 








timber 


74 in 

So 

Q. 2. A 60-yard span of 100-ll é bey wire is so regulated 
that at 20°F it would have a tensi i 

would the tension be ve 
coefficient of expansion L 
100-16. wire 0-00196 in® 


sced to 60 lb 
0-0000092 


Q. 3. Explain these two 
earth pressure: 
(a) A retaining wall sustaini 
a pressure of about § rds 
wt were sub 
ommon when 
n timbe 


A. 3. (a) The magnitude of the sta a retaining 


wall may be calculated by Rankine 


where P is the pressure in Ib./s« 
earth in Ib./cu. ft., ¢ is the angi 
depth. 
The expression for P is based 
a dry granular mass of indefinite 
and possessing internal friction 
of repose. 
Typical values of W and ¢ are 120 lb 
giving 


1—sin 30 
a 120 h 10h Ib./saq. ft 
1+ sin 30 1 
of lateral pressure is thus about § that pr 


This value 1a 
depth, since for water P 625 A ll 


water at the same 


b) The effects of cohesion, excluded in (a I t 


avpove pecome 
portant with increasing depths—say exces 10 ft 
depths are remote from the etiects of weathering and traffic vibratic 
paction and retention of 


ding about 


and derive considerable cohesion from cor 


moisture. The pressure will usually increase uniformly with depth 
down to about 10 ft., but below 10 ft. will often not rise appreciably 
above the value reached at 10 ft common | 
shore the walls of a deep shaft with the same section of tin 


the bottom as near the top 


ractice to 


nstructed as quickly 


Q. 4. A large manhole has to be 

in waterlogged soil, Describe a suitable method 
the equipment and materials that would be needed, 

needed for construction in normal subsoils. What saving 

you expect to obtain from the method described as compare 
ulternative available methods 


nstructi 


A. 4. When constructing a large 
two major problems arise that are additional to those encountered 
with normal soils, namely, the prevention of water fror a) inter 
fering with the constructional work, and (b) subsequently entering 
the manhole. 

1) This may be done expeditiously by the use of the well-point 
system of ground-water loweri The de-watering 
consists of a number of well-points sunk into the ind at appré 
imately 5 ft. intervals around the perimeter of the intended 
excavation and approximately 5 ft. from it. The 
connected to pumps and the water pumped away 

Each well-point consists of a 10 ft. length of 2-in. diameter pipe 
having a fine mesh sleeve around and spaced from the bottom 2 ft 
which is terminated by a ring-and-ball-type valve 
1 The function of the valve is to facilitate the 


manhole in waterlogged soil 


plant us 


t 


points are 


length 


FLOW OF WATER (PRESSURE) FLOw OF WATER GUCTION 
= 2 
' 


HOSE TO PUMP : 


RISER PRE 


FINE MESH SLEEVE ¢ 
\ 


























LINE PLANT PRACTICE I, 


the well-point into the soil by permitting water that has been 
pumped down the pipe to issue from the bottom in the form of a jet. 
This jet of water washes away the soil immediately below the pipe 
and allows it rapidly to sink under its own weight to the required 
lepth. On reversing the hose connection on the pump, i.e., con- 

ting it to the suction side, the ring in the valve descends, thus 

ning the path for water to pass through the screen and up the 
to be pumped away. At the same time, the ball rises and 
the end aperture, thus preventing unfiltered material from 
also being removed. The action of the valve is shown in sketch (0). 

ach well-point is thus able to remove water from its immediate 
vicinity, and, when several are used around an intended excavation, 


closes 




















the area becomes ‘‘de-watered,”’ as in sketch (c).. The extent over 
which the effect is operative is governed by the pdrosity of the sub- 
oil so that, when once the main volume of water has been removed, 
1y be connected together via a common header 
pipe, or through Y-pieces, to permit a single pump to cope with the 
filtering through the soil from the drainage area 
b) To prevent the water from entering the completed manhole, 
rapid hardening cement should be used in the mixing of the concrete, 
alternatively, the concrete should include a waterproofing agent 
he total saving in cost by using the above methods when com 
with other methods in similarly waterlogged conditions is 
ximately 75 per cent. This saving results primarily from the 
of the costs of digging and refilling independent sump holes 
ling hard-core drainage, together with the increased speed 


ovidt 
hich the work may be performed in dry conditions. 


several well-points no 


water 


A twelve 
ua 


Describe 


duct is to be laid in tunnel to avoid interference 
runction which carries heavy traffic, including 
the work involved in the tunnelling, duct laying 
filling and closing, including any special measures 
tuted by the presence of the tramways. 


way 
road 


tunnel 


Explain how an earth fault on a H.V. overhead power line 
rise to an induced voltage in neighbouring overhead and under- 
telephone line plant. What governs the magnitude of 


tao 
ltage? 


, 
the 


Describe a suitable test for locating a fault which has affected 

ll pairs of Ip per-core telephone cable to some extent, but the insulation 
istance of a few pairs in the centre 1s still about four times that of the 
rst affected pairs. 


A. 7. The most suitable test for locating a fault of this nature is 

the Double-l Varley, for which two precision Wheatstone 

bridges, at each end of the faulty section of cable, are required, 

The pair » centre of the cable having the best insulation 

wires, and another pair chosen because it 

insulation, are connected to the bridges in the manner 
i 


tance between its 


r= ST WIRE 





* worst WIRE 
x4 








oe 


bridges have 
arms are suitable. 
Sl and S2 are high grade 
the ‘‘best’’ and‘ 











«I 





(a) 
rhe precision 
1,000-ohin 


equal ratio arms, usually 1,0004 
Gl and G2 are sensitive galvanometers 
short-circuiting switches used in turn for 


looping wofst” wires when a test is made from the 


58 





1951 (continued) 


distant end. Bl and B2 are batteries as nearly equal as possible and, 
if necessary, with voltages as high as 500 to give the requisite 
sensitivity on faults of high resistance. KI and K2 are battery 
control switches for connecting and disconnecting the battery from 
the bridges. Pl and P2 are protective resistors to limit the current 
should unintentional contacts arise on the line, testing leads or 
testing equipment. All the items of equipment must have an 
insulation which is high compared with the resistance of the fault 
to be located. K1 and K2, and SI and S2 are shown set for a test to 
be made from end A. 

If the ‘‘best’’ and ‘‘worst’’ wires are sensibly of the same conductor 
resistance, and if the ‘‘best’’ and ‘‘worst”’ pairs have similar insulation 
resistances between the wires at all points other than the fault 
point, then the distance, X, to the fault is expressed by the formula 

oe iy) 
Ro+ Rk, 
of fault from end A 


= 3 


where X = distance in miles 
R, Varley balancing resistance at end A 
R, = Varley balancing resistance at end B 
L = length in miles of cable between A and B. 

In carrying out the test S2 is closed, K1 is operated to connect 
the battery B1 to line, and 12 is disconnected by the operation of 
K2. The bridge at end A is then balanced by adjusting the bridge 
arm R,. Because of the line capacitance if the value of the fault is 
high, it may take considerable time to reach the true steady value 
of R, 

When R, has grown to its steady maximum value a test from 
end B is made as quickly as possible so that the fault value and 
general insulation conditions are sensibly the same. To this end 
battery B2 is switched on before battery BI is disconnected, so that 
the line dues not discharge in the interval between the tests. When 
B1 is disconnected, 52 is opened, SI closed and R, is adjusted to 
balance the bridge. 

It is advisable to repeat the measurements several times to obtain 
good mean values for #, and fy. 

It will be noted that in the test described the batteries Bl and 
32 are shown connected via Pl and P2 to other wires in the cable 
rather than to earth. Under some conditions, tests using earth for 
the battery return are possible, but the arrangement described tends 
to minimise the etfects of inductive disturbances. 

An alternative to the Double 
Ended Varley is the Poleck Test, 
the connections for which 
shown in sketch (/ 

rhe ratio of P to O and also 
the value of the rheostat F# are 
adjusted together so that their 
settings balance the bridge 
whether the end B is ‘‘opened” 
or ‘‘closed.’’ Some skill is requir- 
ed in finding the settings. If the 
condition of the end B does not 
affect the balance of the bridge, the potential at Y must be equal to 
the potential at Yl and it follows, if the wires are of the same 
resistance, that 


END A END B 


are 
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(b) 


P/O=(R + X)/X 
Subtracting 1 from both sides 

(P — Q)/O R/X 
or X = QR/(P — Q) 
where X is the resistance to the fault from end A. 
Q. 8. Explain the methods used to determine which of the various 
available methods of providing telephone line plant to meet future 
growth is the most economic over a given period of years. What account 
must be taken of existing plant in the area concerned ? 


A. 8. The alternative methods of providing telephone line plant 
are compared on a basis of cost. Those factors to which no monetary 
value can be assigned, i.e., the “‘irreducible’’ factors have also to be 
taken into account. An excellent example of an irreducible factor is 
the flexibility which a line-plant system possesses. 

Cost comparisons cannot be based on initial cost or capital cost 
alone, since different plant provided under the various available 
schemes requires differing amounts of maintenance. Also, instal- 
ments of plant may be woes at different periods of time through- 
out the costing period. Some basis of comparison which takes 
account of these and other factors has, therefore, to be used and it is 
the practice to assess the annual charges to be incurred at various 
times under the various schemes and to find the present value of 
the annual charges over the costing period; thatis, the sum of money 
that, if invested now at compound interest, would be just sufficient 
to enable the calculated annual charges to be met each year during 
the costing period. 





LINE PLANT PRACTICE IU, 


The annual charges to be assessed are made up of the following 
(a) Interest on the capital expended on installing the plant 
(b) Depreciation of the plant throughout i This 

provided for by a uniform annual sum spread over the life 
of the plant to accumulate a sum equal to 
to replace it, assumed in practice 
initial cost less its residual val 
different lengths of life, e.g 
separately. 
Maintenance. This is assessed as the 
taining the plant throughout its life, ever 
early years it may require less, and in its later 
than the average amount spent on it 

hese annual charges are then capitalised as stated above, the 
full costing period of years 20 for line plant 
installed at the outset and the balance 20-year period for 
plant added at a later date. Twenty a 
period because forecasts of numbers of pr 
scribers that the plant is designed to serve art 
10, 15 and 20 years ahead. 

The principle underlying the methoc 
annual charges, i.e., to calculate th rhe 
sum which would at a given rate of con id t amount to £1 
after a given number of years is readil lculable frot e ordinary 
compound interest law. By an extensio the 
required to provide an annual payment for e: years of 
20-year costing period can also be calculate¢ 
represents the present value of {1 per annum 
annual charges on the plant installed initial! 
£100 per annum, then the P.V those 
Similarly, if the annual ch: 
after 10 years are assessed at 
annum for 10 years is fy, then 
£50y and the total for the whule 
no further instalments of plant) is £1002 

A calculation of this sort made for 
the same scheme provides a fair basis 
same costing period is used in ea¢ 

When there is some plant al: 
either to incorporate in the scheme 
different plant, it is necessary to n 
of A.C. incurred under each alternative i 
development scheme, some overhead plant exist 
served, it may be decided either t n it until 
economic life and then replace it by rground, or 
and replace by underground now. f 

Where existing piant is to be retains 
P.V. of the annual charges on it for that peri 
be included, plus the P.V he 
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1951 (continued) 


velocity of the wave along wire in ft./sec. 
weight of wire in lb./ft 


acceleration due to gravity . 


Cc. 
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of a transverse wave along a wire 1s 
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LINE PLANT PRACTICE II, 1951 (continued) 


areas it is possible to provide simplified directories. 
(b) The main considerations atiecting the choice of a site for a 
telephone exchange are:— 
(i) Cost of site. 
(ii) Building cost. This is influenced by shape and levels of 
site, type of subsoil. 
iii) Line plant costs. The site must be as near as possible to the 
practical centre of the area to be served, i.e., a location such 
that over the 20-year planning period these costs, on a 
Present Value of Annual Charges basis, are a minimum. 
(iv) Services. Drainage, sewage and electricity services must be 
readily available and the site must have good road access. 
The theoretical centre of an exchange area is that position which 
would give the minimum mileage for subscribers, junction and trunk 


lines, assuming that these could be provided radially and the 
numbers of each were adjusted to equivalent numbers of one gauge 
of conductor. A convenient method of finding it is to so choose the 
positions of a horizontal and of a vertical axis on the exchange area 
p ar. that the number of circuits adjusted for gauge, as mentioned 
curlier, is the same on either side of each axis. The point of inter- 
section of these axes then gives the position of the centre. 

The practical centre is determined by considering the routes 
available for new plant, the theoretical centre at the ultimate 
planning date and the 11th year (or any alternative critical date) 
being used as guides, and taking into account existing line plant. 
This centre is determined without regard to the availability of sites, 
and “out of centre’’ line plant costs for each possible site are 
calculated and compared with those for an exchange at the practical 
centre. 


RADIO III, 1951 


YQ. 1. Give an outline description of a system for facsimile trans- 
mission over a long-distance short-wave vadio link. 
What factors affect the bandwidth of the transmission ? 


A. 1. One of the most effective systems for facsimile trans- 
mission over long-distance short-wave radio links is that employing 
frequency-shift (F.S.) modulation; the ability of this system to 
reduce the effects of fading due to multiple-path transmission, 
random noise and interference has caused it to supersede older 
systems employing amplitude modulation in the form of constant 
frequency variable-width dots. 

rhe basic elements of a F.S. facsimile system are shown in the 
sketch. The picture to be transmitted is secured to a cylinder 
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rotating at 60 r.p.m.; it is scanned with a light spot of about 1/100 in. 
diameter, the scanning being achieved by slowly moving the cylinder 
in an axial direction so that the light spot traces a continuous helix 
on the cylinder. Light reflected from the picture at the point where 
the light spot falls on it is collected by a lens and focused on a 
photo-cell, thus giving rise to a direct current, the strength of which 
varies according to the density of the picture along the scanning 
line. A voltage, proportional to the direct current from the photo- 
cell, is amplified in a D.C. amplifier and is made to vary the frequency 
of an oscillator from 11-6 kc/s (black) to 12-0 kc/s (white). The 
output of this F.S. oscillator is mixed with a constant frequency of 
10 ke/s from a second oscillator, thus producing a F.S. tone varying 


from 1-6 kc/s (black) to 2-0 kc/s (white), suitable for transmission 
by land-line to the short-wave transmitter. 

The F.S. tone may be applied as modulation toa double-sideband 
transmitter, or it may be transmitted in one channel of a single- 
sideband transmitter; the latter arrangement is preferred because it 
still further reduces the effects of selective fading, noise and inter- 
ference. 

A corresponding tone, with a certain amount of fading and noise 
superimposed on it, is produced at the output of the distant short- 
wave receiver. This tone, after transmission by land-line to the 
facsimile receiver, is amplified and applied to a limiter to remove 
amplitude variations due to fading. It is then fed to a discriminator, 
the direct voltage output from which is proportional to the frequency 
of the tone at any instant. The output of the discriminator is 
amplified and applied to a mirror galvanometer that functions as a 
light modulator. A narrow pencil of light is reflected from the 
mirror of the galvanometer, passes through an aperture in a screen, 
and forms a narrow spot of light on a rotating cylinder, similar to 
that at the transmitter, but carrying a sheet of sensitised paper and 
rotating in a light-tight enclosure. The mirror vibrates in sympathy 
with the varying direct current applied to the galvanometer, and 
thus varies the intensity of the light spot by causing a smaller or 
larger proportion of the light beam to be intercepted by the screen. 
After completion of the scanning process, the sensitised paper is 
developed and fixed by normal photographic processes. It is, of 
course, essential to have the receiving cylinder rotating in syn- 
chronism with the transmitting cylinder; in some systems this is 
achieved by operating both drums from synchronous motors driven, 
or controlled, by high-stability quartz-crystal-controlled oscillators. 
Pulses, generated once per line as the transmitting light spot crosses 
a black bar marking the top and bottom of the picture, are also used 
to ensure synchronous operation of the transmitting and receiving 
cylinders. 

The bandwidth allowed for the F.S. signal must be at least the 
frequency-shift plus twice the maximum ‘‘keying’”’ frequency to 
allow for first-order sidebands due to modulation by the facsimile 
signal; the keying frequency is given by, 

Circumference of drum in inches x lines per inch xX r.p.m. 
60 x 2 

Typical values are: 

Frequency-shift 

Circumference of drum 11 in. 

Lines per in. sie , a dire os 100 

R.p.m. os es _ + ee 60 

“Keying” frequency 550 c/s 

Bandwidth of F.S. signal .. oe os - 1,500 c/s 

The overall bandwidth of a double-sideband transmission is 
twice the sum of the highest shift frequency (2 kc/s) and the keying 
frequency (550 c/s), ie., 5-1 kce/s. The overall bandwidth of a 
single-sideband transmission, including the pilot carrier, is half that 
for a double-sideband transmission, i.e., 2-55 ke/s. 


QO. 2. Describe a direction-finder in which the bearing is indicated on 
a cathode-vay oscilloscope. 
What are the advantages and disadvantages of this method com- 
pared with the aural-null technique ? 
(to be continued) 
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New-type Routiners for Automatic 
Telephone Exchange Equipment 


Part |.—Rack Design, Routiner Facilities and Outline of Operation 


U.D.C. 621.395.365 


M. C. STONE+ 


The general design of routine testing equipment and the fundamental methods of testing have been modified. Part 1 of this series of 

articles describes the features of a new standard rack for routiners installed in telephone exchanges, and the principles followed in its 

design; subsequent articles will describe the circuit fundamentals and some of the novel arrangements applied. The docket-printing 
machine used with the routiner will be described in a separate article. 


Introduction. 
ROWTH in automatic methods of operation of the 
( jicerione service, including automatic switching of 
J \one-distance circuits, has caused an increase in 
direct connection of external lines and items of apparatus 
without the interposition of a telephone operator. As a 
consequence, fault localisation of trouble reported by sub- 
scribers becomes much more difficult, particularly as 
individual items of switching and signalling equipment are 
increasing in complexity. A considerable improvement in 
maintenance techniques is therefore necessary if service 
standards are not to fall. Thoughts naturally turn to 
methods which can assist the maintenance officers, and of 
these, routine testing equipment assumes prime importance. 


Existing-type Routiners. 

Earlier articles* in this Journal described the principles 
employed for fault location by the type of routiners now 
fitted in the larger automatic telephone exchanges. These 
routiners are designed to make a functional test of the 
equipment, usually by applying working conditions more 
onerous than are normally met in service; a failure of 
operation being indicated by a fault lamp and cessation of 
testing. An operation of this nature often comprises a com- 
bination of mechanical actions (e.g. a stepping switch may 
be influenced by a relay contact or interrupter spring or 
magnet armature), any of which may give similar fault 
indication. Location of the cause of failure is at present left 
to the maintenance officer in many instances. Another 
limitation of existing routiners is the negative testing some- 
times employed (e.g. if the normal condition on a wire is 
earth potential the test accepts receipt of this condition as 
correct, although the testing equipment may itself be 
earthy). 


New-type Routiner Facilities. 

The design of the new-type routiner has been based on 
principles which avoid the known weaknesses of previous 
testing methods, and with a view to simplifying the main- 

+ Senior Executive Engineer, Telephone Development and 
Maintenance Branch, E.-in-C.’s Office. 

* P.O.E.E.]., Vol. 22, pp. 24 and 108; Vol. 23, p. 118; Vol. 26, 
p- 305. 


tenance task of fault localisation; additional facilities 
include detection of defects in transmission bridges. The 
main features of the design of the new routiner are out- 
lined as follows:— 
(1) To be capable of operating for long periods without 
attention. 
(2) Connections from the routiner to items under test to 
be of low, constant resistance. 
Routiner distribution test leads not to include 
switching contacts other than those of distribution. 
All relays to have ample factor of safety and ample 
contact pressure. 
All tests to be positive. .As an example, when a test 
for a disconnection is to be made, it must be preceded 
or followed immediately by a test for continuity. 
Correct operation not to depend on limits gauged by 
slow-to-operate or slow-to-release relays. ; 
Routiner rack to be a standard rack equipped with 
those items common to all routiners and with 
specified elements suitable for the equipment to be 
tested. 
(8) Test elements to be interchangeable without cabling 
modification. 
(9) Designation of item under test to be indicated. 

(10) Indication when any component of an item fails to 

pass a test within the tolerances specified. 

(11) Item under test to be busied against 

operation. 

(12) Automatic docket printing of busy and faulty items. 

(13) Automatic application of self-test of the routiner 

equipment. 

(14) Facilities to start and stop the routiner under auto- 

matic (clock) control. 

Economic considerations limit the extent to which 
segregation of tests on plant and recording of faults can be 
made, but improvement in testing technique, including 
application of positive testing and self-testing methods, has 
produced a more efficient routiner. The design of testing 
circuits ensures that any variations introduced by the toler- 
ances in electrical values of testing components do not affect 
the testing condition. 


normal 
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1.—Front View OF KOUTINER 
CONTROL Rack. 


Rack DETAILS 

A general view of the routiner rack is given in Fig. 1. The 
dimensions are similar to those of a standard rack, L.e. 
4 ft. 6 in. wide and 10 ft. 6 in. high. The model shown is 
designed for testing 2,000-type group selectors, but the 
rack and control circuit is a standard item which can be 
used for all routiners, the requirements peculiar to each 
design being provided by jacked-in relay sets which are 
fitted on the lowest shelf and on the five upper shelves. 
Fig. 2 gives the layout of the front of the rack. The routiner 
control circuit, which is located between shelves A and D, 
comprises relay sets fitted on shelf B, uniselectors on the 
right-hand portion of shelf ©, control keys and position- 
indicating lamps above, with a fault-indicating lamp panel 
immediately below shelf D. All of these items wired, 
together with the shelf wiring for relay sets on shelves A, 
D, E, F, G, H and the wiring for common services, form the 
standard rack. The particular circuit requirements for each 
design of routiner (e.g. Ist code, final selector, A/A relay 
set) are provided by the relay sets fitted on the shelves 
mentioned. Alteration to testing conditions of a routiner 
can be made by a change of one or more relay sets without 
interfering with the permanent wiring. These relay sets are 
of two types, as described below. 


148 


Common Test Relay Sets. 

Circuit elements of a more complicated nature are pro- 
vided as common test relay sets, which may be used for a 
succession of tests during a test cycle (i.e. a complete series 
of tests on one item). For this purpose they are cross- 
connected to one or more test relay sets in a manner des- 
cribed later. Wiring for these common relay sets is provided 
on shelf A and on positions 6 to 10 of shelf D. Positions 1 
and 2 of shelf A are wired in a special manner for sending 
and counting relay sets which, although classified as com- 
mon test relay sets, are peculiar to the design of routiner on 
which they are fitted; a common design for all routiners 
would be complicated. Positions 9 and 10, shelf A, are 
fitted with equipment which provides power services for 
thermionic circuits used on the rack. 


Test Relay Sets. 

Testing conditions for the main equipment are applied by 
test relay sets which can be fitted in positions 1 to 5 of 
shelf D and all positions on shelves E to H. Each relay set 
can provide a maximum of four fault indications which may 
be effected by the testing of one or more components, e.g. 
D relay loop, D relay non-operate, D loop resistance high, 
D loop resistance low. Commencing at the relay set in 
position D1, testing proceeds in sequence utilising relay 
sets along the shelf to position 5, then along shelves E, F, 
G and H to the last relay set provided; the number of relay 
sets fitted being the minimum essential for the tests required 
on a particular design of routiner. 


Routiner Control and Lamp Panels. 


The layout of the routiner control and fault-indication 
panels is illustrated in Figs. 1 and 2. Space on the left is 
allocated for control keys and lamps when required in con- 
junction with the sending and counting circuit. In operation 


a combination of keys would release a series of impulses to 
the main equipment, while an associated lamp panel 
indicates impulses received from the main equipment—a 
device suitable for checking correct operation of translator 
equipment. Immediately to the right are the routiner con- 
trol keys, and lamps which indicate the conditions of routine 
testing and routiner faults. Further right, access lamps 
record the progress of testing by giving the designation of 
the item under test in the form:—rack, shelf and shelf 
position. Fitted above is the fault-indication panel com- 
prising a horizontal strip of 45 lamps (one for each test relay 
set position), with a vertical strip of four lamps at each end 
to indicate the test number; a maximum of four testing 
conditions may be checked by one test relay set. The whole 
of the centre portion of this panel is fitted with labels show- 
ing the nature of the test, engraved in a space corresponding 
to the “horizontal’’ and ‘‘vertical” lamps. A retractile 
writing desk is provided below the centre control panels. 


Wiring Arrangements. 


Fig. 3 illustrates the layout of the rear of the rack. 
Connection strips mounted at the rear of the shelves provide 
terminating points for wiring from relay sets, to afford 
interconnection facilities. External cables are terminated 
on the connection strips provided at the rear of shelf B. The 
wiring form of the sending and counting circuit is shown for 
explanatory purposes. Wiring arrangements for this circuit 
are made on the connection strip fitted at the front of shelf 
C, from which permanent wiring is provided to connection 
strips on shelves A and D to H, with a multiple arrange- 
ment between all shelves. Wiring from shelf positions Al 
and A2 is also terminated on the strips on shelf A. An 
individual wiring form for each routiner is provided from 
the strip on shelf C to the uniselectors and control keys 
fitted for circuit requirements when necessary. Appropriate 
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Fic. 2.—Layout oF EQuIPMENT ON FRONT OF ROUTINER CONTROL 
Rack. 


cross-connections between the terminal strips, shown on the 
relative circuit diagram, form a complete sending and 
counting circuit. 


Power Supply. 

The main power supply for the equipment fitted on the 
routiner rack is from the exchange 50V distribution. 
Filament supply of 6-3 V, for circuits incorporating valves, 
is obtained from a mains transformer of the constant 
voltage type fitted at the extreme right of shelf A. The 
mains wiring serves also a three-pin socket immediately 
below, providing a supply to the jacked-in relay set fitted 
in position A9. This relay set converts mains voltage to a 
stabilised 95V positive supply utilising a neon voltage 
limiter device. A minimum of variation in voltage applied 
to valves is essential to accurate testing by the circuits 
affected. The whole arrangement permits multiple wiring 
of 6-3V A.C. and 95V DC _ power to the common test relay 
sets for filament and anode supplies respectively, both 
within the safe maximum voltage limits for unprotected 
wiring. Tappings from these supplies are extended to con- 
nection strips on shelves D to H to permit use with test 
relay sets if required. 


TESTING ARRANGEMENTS 


Many of the tests made by the new-type routiner are of a 
precision which will pass as correct only small tolerances 
from the specified electrical and mechanical adjustment 
values of components in the circuit under test. For this 
reason devices which may introduce error in a routiner 
testing circuit have been avoided. All testing leads in the 
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Fic. 3.—Layout oF CONNECTION STRIPS AND WIRING ON REAR OF 
ROuTINER CONTROL RAcK. 


routiner are connected by relay contacts with adequate 
testing current, thus avoiding the risk of added circuit 
resistance if base metal contacts were used. 

The method of associating the routiner with the equip- 
ment under test can be followed by reference to the typical 
diagram shown in Fig. 4 (sections A-D). A block schematic 
diagram similar to that illustrated will form the key 
diagram for each design of routiner, the diagram number 
representing the serial number of the routiner. Commencing 
with section A the main equipment under test is shown with 
test line switching relays fitted on the same rack. These 
relays are associated with an outlet on level 9 allocated for 
testing purposes. In section D are shown two items nor- 
mally fitted on the miscellaneous apparatus rack, and it 
will be convenient to refer briefly to these before describing 
the main testing arrangements. 


Call Trap Circuit. Incoming equipment associated with 
junctions frequently has no facility for busying outgoing 
equipment at the distant exchange when the former item 
is seized locally (e.g. by a routiner). To avoid a dual con- 
nection between the routiner and normal traffic, arrange- 
ment is made to divert the junction to a call trap circuit 
when the terminal equipment is taken for test, under which 
condition busy tone is connected to the junction line. 


Docket-printing Machine. This machine (to be described 
in a future article), with its controlling circuit, can be 
associated with a maximum of 16 routiners. It prepares 
dockets recording the time and designation of equipment 
under test, when faults are found during the progress of 
testing and also at the start and finish of routine periods. 
A fault is recorded on a serially numbered docket giving 
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Fic. 4. -BLock SCHEMATIC DIAGRAM OF THE ROUTINER 





Position | TITLE | Siapen Test | Test 


Common Test Retay Sets Test Retay Sets 


1 ~ | Diagram 
| : .| Posn. TITLE a 
Al Sending and MS 8131 1 |Di_| Busy ie _MS 8388 | 


Counting 7 
A2 Spare 7 - ‘ - "Potential | MS 8445 
A3 Spare Strap LY iso : 
& il 
Tone Detector | MS 8119 
Oscillator MS 8118 Normal 
| | Springs | 
a Rotary off 
Toltage Stabi- Normal 
‘eed i ree MS 8114 : Springs MS 8392 


Constant Voltage | _ i P mara 1 
- oO 


Transformer - ae : Btact 
(See dgm. MS Rotary otf 
8200) Normal | 
: Springs | MS 8393 
Level 0 


Spare Strap U9 
& | 
= Contact 1 


Spare Strap 9} : ———E 
x Ull : Test Line 1 








details of the item affected, nature of fault and time; the 
routiner then steps to the next item and continues testing. 
When a fault occurs due to a defect in the routiner, testing 
stops and an alarm signal is given; a docket is printed 
recording ‘‘Routiner Fault’. 


Access Equipment. 

Access equipment (section B) may be fitted on the same 
rack as the main equipment or on a separate access rack; 
adoption of the arrangement is subject to a study of the 
economy of each method. For the routiner illustrated a 
separate rack is provided; four main equipment racks being 
served by one access rack 10 ft. 6 in. high and lft. 6in. wide. 
Uniselectors are used as access switches, the bank contacts 
being wired to the main equipment. A uniselector arc 
serves one test lead, so that the number of arcs (and uni- 
selectors) required is determined by the number of test leads 
added to the arcs needed for control purposes. A maximum 
of 40 items is served by the primary access switches serving 
one rack; additional items are served via secondary switches. 
As the main equipment has capacity for 80 switches per 
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rack, one group of secondary switches is required to serve 
the second group of 40 switches. Additional secondary 
groups can be connected from outlets 42, 43, etc., when 
required. The typical case under description has 10 test 
leads and two control leads requiring distribution by four 
primary and four secondary access switches, the latter wired 
from outlet 41; the whole serving 80 items on the main rack. 


Routiner Rack. 

Equipment forming the routiner rack is shown in section 
C. The control equipment is represented as enclosed within a 
thick line. The test relay sets and common test relay sets 
are on the extreme right. A schedule of the relay sets fitted, 





quoting individual diagram numbers and shelf positions on 


the rack, forms part of the block schematic diagram, as 
illustrated. 


Test Leads. 


Test leads from the access switches are wired as a 
multiple over the jacks serving test relay sets, thus avoiding 
switching within the routiner by equipment with base metal 
contacts. These leads are also multipled on the wiper con- 
nections of primary access switches, avoiding the alternative 
of an additional access switching point. From the banks of 
the access switches the test leads are wired to appropriate 
testing points of the main equipment. 


Access and Control Distributors 


The multiple arrangement of test leads demands the use 
of access distributor and test control switches. The former 
determines, in conjunction with the access selector control 
circuit, which rack of main equipment will be associated with 
the routiner test leads, and ensures progression of routine 
testing in rack sequence. Associated circuits indicate the 
progress of routine testing on the control-lamp panel, and 
set up marking conditions in the docket machine control 
circuit when appropriate. The test control distributor 
switch connects the control circuit with each relay set in 
the sequence, as shown in Table B (Fig. 4), so that by 
operation of a relay in the test relay set, the selected test 
leads required for a particular test can be connected to the 
circuit arranged for making the test; for more complicated 
tests this will involve a common test circuit. Thus, a test 
relay set on its own may provide a complete testing circuit 
or may do so in conjunction with a common test relay set. 


Secondary Leads. 

From each test relay set 15 secondary leads (SL) are 
wired to the connection strips fitted at the rear of the shelves 
These are utilised as required by the design of a particular 
routiner, to connect common test equipment. Connection 
is made by cross-connections between tags on these strips 
and similar tags serving the common test relay sets. SI 
leads from the common test relay sets are multipled over 
shelves to avoid inter-shelf connections. Wiring from both 
test and common test circuits to the control circuit forms 
part of the permanent rack wiring. 


Test Line Control Relay Set and Relay RT Control Relay Set 

These relay sets are variable items fitted in the control 
circuit, provision being dependent on the type of main 
equipment with which the routiner is associated. The test 
line relay set is required when tests of the main equipment 
are made in conjunction with a test number, as is the case 
with group selectors tested to the nineteenth outlet from 
level nine. The RT control relay set is provided in con- 
junction with RT relays which are fitted as part of the main 
circuit when it is necessary to isolate testing points (e.g. on a 
junction relay set it is desirable to isolate the line from the 
equipment during testing) and/or to busy the circuit under 
test. 


Auxiliary Control Panel. 

Auxiliary control panels can be provided for remote 
operation of the routiner at large exchanges. Circuit arrange- 
ments permit a maximum of two auxiliary panels, which are 
provided with control keys and lamps similar to those on 
the routiner control panel. 


Sending and Counting Circuit 
Strowger pulses for serving the routiner are supplied by 
an impulse machine fitted on the M.A.R. The sending 


elements of the sending and counting relay sets select a 
predetermined train (or trains) of impulses for positioning 
the equipment under test as required for the sequence ot 
testing. Where main equipment incorporates impulse 
repetition or translation devices, impulses received from the 
main equipment are checked by the counting element. Keys 
can be provided on the control panel to permit sending and 
receiving suitable combinations of digits which conform 
with local trunking arrangements. Sending and counting 
equipment for various designs of routiner differs only in 
respect of the layout of the two relay sets fitted in positions 
Al and A2, and in the arrangement of the uniselectors fitted 
on the left-hand portion of shelf C with control keys above. 


RELAY SET WIRING 
Test Relay Set. 
A typical circuit arrangement of a test relay set is shown 
in Fig. 5. It is used to measure the level of dial tone as 
supplied from the main equipment. Consideration of its 
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Fic. §.—C1RCvuIT OF A TYPICAL TEST RELAY SET. 

application with reference to Fig. 4 will be helpful. TL leads 
are allotted by the circuit designer from a common form of 
39 test leads multipled over the shelf-jacks of the test relay 
sets, and terminated on a connection strip at the rear of the 
routiner rack. From this terminal point cables extend the 
number of access wires required for routine testing to the 
access selectors; these are designated “Test Leads” in 
Fig. 4. For testing purposes, eight of these leads are 
associated with the Test Line and RT control relay sets. The 
full number of test leads wired on the standard rack may 
not be required for any one routiner, and of the test leads 
provided, only those concerned with the test will be wired 
within the test relay set. The secondary leads (SL) are 
wired to connection strips fitted at the rear of the shelf on 
which the relay set is fitted. They are individual to each 
relay set, cross-connection being provided on the connection 
strips to the SL wiring from the common test circuits; in this 
instance to the tone detector circuit only. Leads MA, AL, 
I'S, CT and TC are test control leads which apply suitable 
circuit conditions to the routiner control circuit at the start 
and completion of the test, give indication of the result of 
the test, and cause the distributor to step to the next test 
relay set. Leads TL], TL2 and TL32, which in this instance 
are extended by the access switches to the negative, 
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positive and private wires of the equipment under test, are 
normally isolated by TL contacts. Similarly, the SL leads to 
the common test circuit are normally isolated to avoid 
“‘feed-back”’ conditions to other relay sets. Modification to 
the testing facilities can, with this combination of relay sets 
and jumpering, be effected without interference to the 
permanent wiring. 


Common Test Relay Set. 

As the name implies, the common test relay set may be 
associated with more than one test relay set. Common 
wiring arrangements (other than for the sending and count- 
ing circuit which has been described) are shown in Fig. 6. 
Fifteen SL leads from each relay set are formed as a multiple 
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Fic. 6.—-WIRING OF A COMMON TEsT RELAy SET. 


with one appearance on connection strips fitted on each shelf 
from D to H. From this point cross-connections are made to 
test relay set SL leads, as described already. The design 
engineer allocates as many of these SL leads as are required 
for the common test circuit. The ZL and CL leads form a 
common multiple over shelf positions A3 to A8 and D6 to 
D10; the ZL leads terminating on a connection strip on 
shelf D for connecting to the exchange common services. 
Four check wires (CK) to the routiner control circuit form 
the connections for self-checking arrangements made by the 
routiner prior to commencement of testing. The remaining 
leads feed the power supplies: 50 V and 95 V D.C., 6-3 V A.C., 
and earth. 


OPERATION OF ROUTINER 
Automatic Control. 

With the AuTO CONTROL key operated the routiner is 
started and stopped automatically when earth pulses are 
received over start and stop wires connected to the docket 
machine control circuit, the time of each pulse being 
marked by connection to the banks of a uniselecter, stepping 
hourly under influence of the exchange clock. Progressive 
routine testing of the main equipment is continuous except 
during the period between the stop and start signals, usually 
during the exchange busy hour. When the stop signal is 
received the routiner continues its routine test of all items 
on the rack under test before stopping. Testing recommences 
when the next start signal is received, on the next rack in 
routine sequence. Dockets are prepared by the docket 
printing machine recording the details of starting and stop- 
ping times with the relative rack designation, in addition to 
recording faults located during the progress of testing. 
Routine testing ceases and an exchange alarm signal is 
given when a fault occurs in the routiner. 

Manual Control. 

Manual operation of the routiner is effected by a 
MANUAL START key, which takes control from the automatic 
start and stop circuit, failures during testing being indicated 
by the fault-lamp panel and an audible alarm bell, the latter 
fitted adjacent to the rack. With this method of working, 
no dockets are printed and the routiner stops testing 
pending attention to a fault. The normal manual control 
facilities provide progressive routine testing for a routine 
cycle (i.e. one complete test of all equipment associated with 
the routiner). Other keys provided for manual control give 
CONTINUOUS ROUTINE (repetition of testing one item), or 
LIMITED CONTINUOUS ROUTINE (test of each item repeated to 
a maximum of 20 times in the normal sequence of testing). 
An ACCESS DISTRIBUTOR STEPPING key is provided to 
position the access switch to a particular rack of equipment 
on which it is desired to commence testing. Selection of 
an item on the rack is effected by operation of the ACCESS 
SELECTOR STEPPING key. Visual indication of the stepping 
progress is given by the access lamp panel. 

Subsidiary Control Features. 

Other keys provided give the following facilities:— 

FORCED RELEASE CANCEL. Permits certain tests to be 
omitted. These are predetermined and suitable strapping 
arrangements are made between terminals wired from the 
test distributor for this purpose. 

MONITOR. To give listening-in facilities on the trans- 
mission path of an item under test. 

RINGING. Means for signalling to each auxiliary control 
panel; a common speaking pair is provided. 

RESET. Recommencement of the test cycle (i.e. com- 
plete test of one item). 

STEP ON. Routine testing is advanced to commence at 
the next item in the routine sequence. 
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The Medresco Hearing Aid 


U.D.C. 534.773 
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An important development under the National Health Scheme has been the introduction of a new hearing aid for distribution to the deaf, 

a development in which the Post Office has been, and still is, actively concerned. This article gives a broad outline of the work done 

by the Post Office in this connection, and includes a description of typical Medresco Aids and their principal component parts. Mention 
is also made of the production and performance of such aids and possible future improvements in design. 


Introduction. 

" EDRESCO,” an abbreviation of the title 
Medical Research Council, is the name given 
to hearing aids made available under the 

National Health Scheme, without charge, to members of 

the public suffering from defective hearing. The Medical 

Research Council's report! on hearing aids and audiometers 

provides a comprehensive background to the evolution and 

development of the Medresco Aid, and this article is, there- 
fore, restricted primarily to an account of the design and 
engineering of the aid, as carried out by the Post Office. 

Under the egis of the Ministry of Health, initial pro- 
duction of Medresco Aids was vested in the Ministry of 
Supply, but was subsequently taken over by the Post Office 
in August, 1948. In taking over, the Post Office had the 
tasks of: 

(a) developing and putting into production a magnetic 
insert receiver specially designed to replace the 
crystal receiver, as employed in the M.O.S. version 
the change from crystal to magnetic receivers was 
decided in the light of manufacturing difficulties with 
the former, advantages offered by the latter, and 
prevailing practice both in this country and America 
to prefer electro-magnetic to crystal receivers in 
hearing-aid designs. 
redesigning the microphone and the circuit of the 
hearing-aid amplifier to take account of the widely 
different electrical characteristics of the magnetic 
receiver in relation to those of the crystal type, and 
to ensure that the overall performance of the complete 
aid would be substantially unaltered. 
developing, engineering and arranging for quantity 
production of the new aid by May, 1949—excluding 
initial exploratory work and discussions, the develop- 
ment and engineering time available was less than 
six months—to avoid a break in distribution of the 
aids to the public. 

Naturally, the opportunity was taken in the development 
of the aid produced under Post Office direction to learn 
from the experience of the M.O.S. and also from information 
on such field experience as was available in August, 1948. 
Thus, for example, it was quickly realised that the mechan- 
ically coupled separate units of the volume control and 
switch of the M.O.S. production were prone to mechanical 
failure, and an important change introduced is the replace- 
ment of this arrangement by a combined volume control 
and switch which was developed specially for this purpose. 


Hearing Defects. 

To help in understanding in what way, and to what 
extent, an electronic aid can assist in restoring impaired 
hearing, it is necessary to give some consideration to the 
nature of various hearing defects. 

The external ear, comprising the ear-flap or shell (the 
pinna) and the canal leading into the skull (the meatus), is 
primarily a sound-collecting system. The only defects in 


+ The authors are, respectively, Senior Executive Engineer, 
Subscribers’ Apparatus and Miscellaneous Services Branch, E.-in-C.'s 
Office, and Principal Scientific Officer, Research S ion 

1 Medical Research Council Special Series Report No. 261. H.M. 
Stationery Office. 

2 E. Aspinall, ].Brit.T.R.E., Vol. I, 

A Master Hearing Aid.” 


No. 2, pp. 45-50, Feb. 1951 


this collecting system likely to affect the hearing appreciably 
are gross congenital majformation or injury, or the ac- 
cumulation of wax or other obstructing matter. 

The middle ear comprises the drum and the chain of small 
bones (the ossicles), which act together to provide the most 
efficient transier of energy from the airborne sound wave 
to the inner ear. Any part of this chain may be damaged by 
injury or disease, or may be absent altogether. The drum 
membrane may become stiffened or perforated, and the 
movements of the ossicles may be impeded by bony or 
fibrous growths (otosclerosis), or by fluids collecting in the 
middle-ear cavity. All these defects introduce attenuation 
into the path of the sound wave and result in what is known 
as conductive deafness, which may, in theory at least, be 
completely compensated by sufficient amplification. 

I'tie inner ear contains the organ of hearing proper, which 
analyses the complex vibrations in the sound wave and 
originates the nerve impulses which reach the brain and 
arouse the sensation of sound. Congenital defects, injury 
or disease of the inner ear or of the nerve paths up to and 
including the brain itself give rise to what is known as 
perceptive deafness, in which the individual's powers of dis- 
criminatfon and analysis may be reduced. Such deafness 
cannot be wholly offset by amplification, though selective 
amplification of speech to emphasise the smaller distinctions 
can give some assistance, especially if accompanied by 
auditory training to ensure that the residual powers of 
hearing are utilised to the fullest extent. 

Perceptive deafness is frequently accompanied by other 
disturbances of the hearing, such as head noises (tinnitus) 
or “‘recruitment,”’ in which intense sounds appear to have 
normal loudness though weaker sounds may be inaudible, 
These secondary phenomena unfortunately have a further 
deleterious effect on the intelligibility of speech and may 
make the use of a hearing aid less comfortable, especially 
since they often make the subject more susceptible to 
irritation by background noises, or by unduly loud sounds, 

Conductive and perceptive types of deafness have many 
sub-divisiogs of classification, and are frequently present 
simultaneously in one ear, such cases being referred to as 
“mixed.” 

Pure conductive deafness does not normally cause hearing 
losses greater than about 50 db., since even with complete 
blockage of the normal path some stimulation can reach the 
inner ear by conduction of the vibrations through the bones 
of the skull. This property is, of course, used in bone- 
conduction aids. 


M.R.C. Recommendations. 

During 1945 the Electro-Acoustics Committee of the 
Medical Research Council conducted large-scale clinical 
investigations in London and Manchester with the help of 
two master hearing aids,? designed and built at the Post 
Office Research Station, whose characteristics could be 
varied over a wide range. Some 228 patients exhibiting all 
varieties and degrees of deafness were examined by 
otologists and tested with specially recorded sets of word 
lists reproduced at known sound intensities through the 
master hearing aid. The numbers of words correctly heard 
were counted for different frequency/response characteristics 
and amplification settings, and the results subjected to 
statistical analysis. 
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The conclusion was reached that one or other of two 
frequency/response characteristics would afford the majority 
of patients the greatest possible assistance they could 
obtain from a hearing aid. This result was strikingly 
corroborated by a theoretical analysis given in the M.R.C, 
Report (Appendix II) and by similar work performed at 
about the same time at Harvard University. 

rhe recommended characteristics, expressed in terms of 
air-to-air gain, are shown in Fig. 1. One pair of curves shown 
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relates to aids using insert receivers which are plugged into 
the user’s ear canal; the other pair relates to aids using 
external disc-type receivers with a headband. The air-to- 
air gain is the ratio of the sound pressure developed by the 
receiver of an aid in an artificial ear to the free-field sound 
pressure to which the microphone is exposed. The curves 
for insert and external types of aids are both intended to be 
equivalent to the characteristics of the master hearing aid 
at its best settings, and the differences are accounted for by 
such factors as the effectiveness of the acoustic seal to the 
ear, and the use of different artificial ears for the two types 
of receiver. 

Further recommendations were that with new batteries 
the gain of an aid should not be less than 40 db. at 750 c/s, 
and its maximum undistorted acoustic output at this fre- 
quency should be at least 200 dynes per square centimetre. 
A fall of 6 db. in gain, and an acoustic output of not less than 
100 dynes per square centimetre were permitted with the 
batteries discharged to two-thirds of their nominal voltages. 


Types of Medresco Atds. 

The existing types of Medresco Aids, all of which use 
air-conduction receivers, are designed in accordance with 
the foregoing M.R.C. recommendations, except that for the 
majority of patients a lower value of maximum acoustic 
output has been found adequate, and advantage has been 
taken of this fact to economise in current consumption. An 
insert-type receiver is normally used, support being provided 
by means of a plastic ear-mould tailored to the patient’s ear. 
Where active discharge or infection of the ear canal 
prohibits the wearing of an insert receiver, an external 
receiver supported by a headband is used, but this type 
requires a much higher power input and a correspondingly 
heavy expenditure on battery replacements. 

There are four current versions of each type, as shown in 
Table 1, and, although only Mark IIA aids are now being 
produced, all the types shown have still to be catered for. 

The original Mark I aids were substantially similar to 


* H. Davies, and others. “Hearing Aids—An Experimental Study 
of Design Objectives,”” Harvard University Press, 1947. 
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TABLE 1 





| M.O.H. Code 
External 


OL 20 


Description 


I | Original M.O.S. model 


OLI0A | OL2 


1A Mark I version repaired and converted to include 
combined volume ntrol and switch 

li First Post Office mode OL 15 

valves and components OL 15A 


IA | Mark I] with impr 





those described in M.R.C. Report No. 261, though British- 
made valves and microphones were used soon after pro- 
duction commenced. For the Mark II version the aids were 
extensively redesigned to improve reliability and access 
ibility and to reduce manufacturing costs. The new 
magnetic receiver necessitated a completely new circuit, 
though the valves used were the same types as used with 
the later Mark I aids. The Mark IIA version was introduced 
to make use of later improvements in components and 
particularly of new valves with greatly reduced filament 
consumption and higher anode efficiency. At the same time 
a considerable increase in output power with lower dis- 
tortion was achieved in the insert-receiver version. 

For comparison the current consumptions of the various 
versions of the Medresco Aid are shown in Table 2. 


TABLE 2 





Average Anode 
Current (mA) 


Average 
Filament 
Current 
mA 30 V 


Type Valves used 
of fines — 
Aid ) Ist &2nd_ Output 


stage Stage 


Type 
of 
as Receiver 


| Magnetic 
| Magnetic 


CV 386 ’ 38 
CV 386 38 
or 443° 

CV 443 ) 387 50 
CV 2107 ’ 387 40 


External 50 | _ 


7 
7 50 
Magnetx 

| Magnetic 
| Crystal 

} Crystal 

' 


Insert | CV 386 ’ 385 50 
I CV 386 | CV 385 50 | 
or 443° | 
CV 443 ’ 385 50 | 
CV 2107 2106 30. | 


| 
| 
36 | Magnetic 


| Magnetic 





Note.—@ indicates normal H.T. voltage. Voltages other than 
normal are used exceptionally to meet special output power require- 
ments of individual patients. * CV 443 is used as a replacement for 
defective CV 386 valves. 

Description of Complete Medresco Aid. 

A complete Medresco insert-type aid of the Mark IIA 
version is shown in Fig. 2. The black moulded case houses 
the microphone and three-stage valve amplifier, and has a 
clip on the back for attachment to the clothing. It is 
designed to be worn in a position such that sound waves 
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have free access to the microphone grille, and the thumb- 
operated switch and volume control knob at the top can 
easily be operated. The insert receiver is wholly supported 
by a transparent plastic ear mould, and is connected to the 
amplifier output socket by a plug-ended tinsel cord with 
flesh-coloured P.V.C. covering. The ear mould supplied 
initially is a simple straight plug type, but is replaced sub- 
sequently by one which is tailored to the ear of the user. An 
ear-mould of the latter type is shown in Fig. 2. For economic 
reasons, batteries of comparatively large size are used and 
are contained in a separate leather pouch, which may be 
slung from the shoulder or strapped round the body. The 
batteries are connected by a four-way tinsel cord with black 
P.V.C. covering, terminating in non-interchangeable and 
non-reversible plugs. 

The weight of a complete insert-type aid is 1 lb. 11 ozs., 
of which the amplifier, leads and receiver account for only 
5 ozs. The corresponding figures for the external type are 
2 lb. 3 ozs. and 7 ozs. 

The front view of the amplifier chassis, shown in Fig. 3, 
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clearly reveals the microphone surrounded by the three 
sub-miniature valves, the volume control and the output 
transformer. In the complete assembly the microphone is 
sealed by a sorbo rubber ring to the case grille, which is 
covered by silk on the inside. At the rear of the chassis 
are the L.T. battery switch which forms part of the 
volume control, the output socket for the receiver lead, 
and the preset tone control which selects either of the 
two recommended frequency/response characteristics. The 
valves are mounted by their wire leads which are soldered 
direct to short pins pressed into the chassis fabric. The 
resistors and capacitors are supported in the wiring, and 
the battery leads are soldered direct to the appropriate 
connection points in the circuit. 

In the circuit of this aid, as shown in Fig. 4, the filaments 
of the first and second stage valves are connected in 
series across the 1-5V L.T. battery and consume 15 mA. 
The first valve, to which the microphone output is applied, 
receives grid-leak bias through a 47 megohm resistor, and 
the voltage drop across its filament provides grid bias for 
thesecond stage. The coupling and feed resistors have very 
high values, and a stage gain of 30 is achieved with an anode 
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current of 15 to 20 microamps. The volume control is a 
simple potential divider connected between the first and 
second stages. The output valve filament draws a further 
15 mA at the full voltage of the L.T. battery, and its anode 
current is about 300 microamps from a 30V H.T. supply. A 
resistor in the common H.T. return lead provides about 2 V 
bias for the outnut stage, and incidentally reduces the gain 
by 2 to 3 db. due to negative feedback. 

The receiver impedance is about 40 ohms at 750 c/s, a 
step-down by the output transformer being provided. In 
conjunction with the impedance correcting resistance- 
capacitance combination shunted across the primary of the 
transformer, the transformed receiver impedance provides 
the output valve with an A.C. anode load of 100,000 ohms, 
which remains practically constant and resistive over the 
greater part of the frequency band. 

Some choice can be exercised over the general form of the 
frequency/response characteristic of the microphone, the 
to a lesser extent over that of the receiver, but the final 
shaping of the frequency/response curve of the complete 
aid to meet the M.R.C. specification must be done in the 
amplifier. The inter-stage coupling networks, the output 
transformer with its correcting network, and the decoupling 
elements are all used to this end. The tone control which 
adjusts the aid to one or other of the standard character- 
istics switches a capacitor across the first stage anode load to 
attenuate the higher frequencies. A typical response curve 
for an amplifier of this type is shown in Fig. 5. 
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Components of the Medresco Aid. 


Dealing specifically with the Mark ILA Medresco Aids the 
following brief references to some of the more important 
components may be of interest:— 
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Microphone. Two types of crystal microphone are used, 
for the insert and external aids, respectively. Both types 
are of the same physical size (see Fig. 3) and make use of 
the piezo-electric properties of Rochelle Salt crystals. 
The usual advantages of crystal microphones apply, viz:— 

(a) relative cheapness, 

(6) lightness, 

(c) freedom from electro-magnetic induction, and 

(d) suitability of impedance for direct connection to a 

valve grid. 

To obtain large mechanical amplification and greater 
voltage output than is possible from a single piezo-electric 
element (plate), the crystal unit comprises two identical 
thin square “X’’ cut plates cemented together. The 
adjoining faces of the two plates are specially treated before 
cementing to render them conductive. The ““Y”’ and ‘Z” 
axes of the bottom plate are turned through 90° with respect 
to the top plate, the polarity of the plates being “‘series 
aiding.”” Foil leads serve to connect the top and bottom 
faces of the crystal unit to terminals at the back of the 
microphone case. 

The processed unit is waterproofed to guard against loss 
of performance by changes in humidity. Three of the four 
corners of the bottom face of the crystal unit are mounted 
on compliant plastic pads fixed inside the back of the micro- 
phone case, a brass pin of small diameter being fixed to the 
fourth corner, but on the top face. The unit and pin are 
aligned during assembly to correspond with the axis of a 
conical aluminium diaphragm, the pin being attached to 
the apex of the diaphragm. A perforated guard is provided 
to cover the diaphragm, and is spun over to form a small 
compact unit. 

It is possible by choice of crystal dimensions, by weighting 
the diaphragm, and by employing various grades and denier 
of silk on the inside face of the guard to-‘‘tailor’’ within 
defined limits the frequency/response characteristic of the 
microphone. The foregoing assumes importance in that it 
provides a means for obtaining the best shape of frequency 
response from the microphone to fit in electrically with the 
receiver and amplifier. 

Fig. 6 shows the limits within which the response of 
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microphones used with the insert aid is required to con- 
form. Every microphone is checked for factory acceptance, 
laboratory checks being made on a sampling basis. 

Valves. British-made sub-miniature pentode valves with 
wire tails are used throughout; the types being as shown in 
Table 2. A considerable saving (40 per cent. for the 
insert aid) has been achieved in filament current con- 
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sumption by the use of the latest types of valves, 
illustrated in Fig. 7. The valves are designed to work 
satisfactorily down to 1V L.T. 














Fic. 7.—Latest Types OF VALVES USED. 
Left, CV2106 ; centre, CV2107 ; right, CV387. 


Each valve is tested individually and must comply with 
specified requirements as regards filament consumption and 
gain at limiting values of L.T. and H.T. voltage when 
tested in a circuit simulating that in which the valve is 
employed. Additionally the voltage-gain stage valves 
must comply with specified low-microphony require- 
ments. 

Receiver. A crystal receiver of American manufacture is 
used with the Mark I and Mark IA insert aids, but all the 
other types incorporate magnetic receivers. 

The insert receiver is of monopolar construction with 
a ‘‘floating’”’ diaphragm. A dished steel front plate relieves 
the diaphragm of excess magnetic flux to avoid saturation, 
and carries a spigot which engages a spring clip in a metal 
bush recessed into the ear-mould. The assembly is enclosed 
by a thermoplastic case, sealed over the front plate by the 
application of heat, and weighs about a third of an ounce. 
The back of the case carries the terminal plates and guides 
for the accommodation of the receiver slide plug. 

The required frequency/response characteristics, measured 
in a 1-5 c.c. artificial ear, are shown in Fig. 8. 
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For acceptance purposes the full frequency/response 
curve is measured on a sampling basis; every receiver is, 
however, subjected to a check of average sensitivity over 
the following three bands:— 

450- 950 c/s 
1,200-1,700 c/s 
2,700-3,200 c/s 

Additionally every receiver must comply with a specified 
impedance of 41 ohms, angle 55°. 

The external receiver is of conventional bipolar con- 
struction with a clamped diaphragm. It was originally 
developed for Service applications, and the weight, with 
headband, has been reduced to about 2 ozs. The back of 
the case carries the terminal plates and the guides for the 
accommodation of the receiver slide plug. 

For acceptance purposes the full response curve is 
measured on a sampling basis, but every receiver is sub- 
jected to a check of impedance and of average sensitivity 
over three frequency bands. 

Combined Volume Control and Switch. The volume control 
and switch is designed to comply with dimensions which are 
largely dictated by the size of the aid, the chassis arrange- 
ment and position, and also by the amplifier case design, 
and the knob aperture incorporated therein. Two alter- 
native types complying with the foregoing requirements are 
available, one with centre spindle fixing and enclosed 
switch, and one in which the switch is external to the control. 
In the latter, the switch connections serve the dual functions 
of tag points and fixing supports to the chassis. 

A carbon track is employed in the volume control, its 
overall resistance being required to lie between limits of 3 
and 6 megohms, and to obey an approximately logarithmic 
law. The law is such that with the wiper at the low potential 
end of the control the attenuation provided is in excess of 
66 db.; with the wiper at the high potential end the 
attenuation is not greater than 0-5 db. 

The unit is required to meet specified requirements as 
regards bearing track noise, end stop torque, track torque, 
knob bearing play, terminal resistance, ‘“‘Hop-On” and 
“Hop-Off” resistance, electrical noise, switch contact resist- 
ance, and insulation. The unit must also comply with these 
requirements after a life test of 20,000 operations. 

Connectors. Separate battery and receiver connectors are 
provided with each aid. Both connectors consist of tinsel 
conductors and strain cords, sheathed with black or flesh- 
coloured P.V.C. The conductors consist of tinsel threads 
of the appropriate number of ends to give loop resistances 
of 4 ohms for the receiver connector, and 1-1 ohms (L.T.) 
and 4 ohms (H.T.) for the battery connector. 

Field surveys have indicated that the average service 
lives are approximately 6 and 12 months respectively, but 
are expected to be greater for improved forms of connectors 
now in use. 

Present forms of P.V.C. used for sheathing the connectors 
suffer from defects such as hardening due to migration of 
the plasticiser, or from discoloration due to contact with 
sweat acids, and improved alterntaives are being sought. 

Batteries. The batteries at present used are Leclanché 
dry cell types of normal L.T. “‘dolly’” and H.T. “‘layer 
type” construction, 

The L.T. battery consists of two U.1 cells connected in 
parallel, encased in a cardboard container with a non- 
reversible two-pin socket. The battery is estimated to 
require annual replacements on the basis shown in Table 3. 

Other forms of battery considered include those of the 
mercury, air-depolarised, and rechargeable types, but at 
present, for technical reasons, on economic considerations, 
or on grounds of administrative objections, the alternatives 
do not seriously compete with the existing Medresco L.T. 
battery. 


TABLE 3 





Daily use of Aid (hours) 
Type of Aid 
5 


Estimated annual replace- 
ments per patient 


Mark IIA External 
Mark IIA Insert | 14 





The H.T. battery voltage is either 30 or 45V, as previously 
mentioned, each battery consisting of layer-type Leclanché 
cells of nominal voltage 1-5, and stacking 4 cells to the inch. 
The 30V battery comprises two side-by-side stacks of 
10 individual cells connected in series, whilst the 45V 
battery is similarly made of two side-by-side stacks of 
15 cells each. Both batteries incorporate a three-pin 
non-reversible socket. 

Estimated annual replacements of H.T. batteries are 
shown in Table 4. 


TABLE 4 





} Daily use of Aid (hours) 


10 | 


Type of Aid 


Mark IIA External 


Mark II Meee 5 — Estimated annual re 


placements per patient. 


Mark IIA Insert 
(45 volt H.T.) 





No suitable replacement for the Leclanché layer-type 
battery is foreseen—smaller weight and size is, however, 
possible by changing from 4 cells to the inch to 5 to the inch, 
which represents the limit of reduction for economic shelf 
life. Further reduction in weight and size can only be 
expected to arise from designing the aid for lower working 
H.T. voltages. 


Production of Aids and their Performance. 

Delivery of Medresco Aids under Post Office direction 
commenced in April 1949, and a production rate of 2,000 
per week was achieved by the end of May 1949. 

In addition to the production of aids the Post Office is 
responsible, as technical adviser to the M.O.H., for all 
associated problems including the preparation of all manu- 
facturing specifications and drawings, and for factory re- 
pairs; the patient’s ear-mould is, however, handled directly 
by the M.O.H. 

Additionally, the Post Office acts as the inspection 
agency to all manufacturers for the acceptance of hearing 
aid components; this practice nevertheless still vests with 
the manufacturer the responsibility for ensuring that the 
final aid assembly complies with requirements as regards 
overall performance, for which the Post Office is sole arbiter. 

At the time of writing, 150,000 Medresco Aids were in use 
in England and Wales. Figures for Scotland, Northern 
Ireland and the Isle of Man are not available. A recent field 
survey showed that 90 per cent. of the aids issued to adults 
were in regular service for an average of five hours per day, 
and that one repair visit was needed for every 1,250 hours of 
use. Spontaneous expressions of satisfaction were made by 
83 per cent. of users, two-thirds of these being described as 
enthusiastic. The survey excluded the latest (Mark IIA) 
version, but field trials supported expectations of consider- 
ably improved performance despite savings in current 
consumption. 


Future Trends. 

Since the Medresco Aid is issued, maintained and 
repaired without charge to the user, reduction in manu- 
facturing and running costs, and increase in reliability in 
service, are of paramount importance. Research is, there- 
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fore, being undertaken to effect improvements in the 
efficiency of valves and receivers so as to cut.down battery 
current and voltage. New components and assembly tech- 
nigues are constantly under review. 

Fundamental investigations are also being pursued into 
the electro-acoustical problems posed by the small fraction 
of the deaf population (albeit a considerable number of 
people) who do not derive appreciable benefit from the 
standard air-conduction aids. Certain users, particularly 
those with large, predominantly conductive, hearing loss, 
will be catered for by a bone-conduction aid, and field trials 
of some experimental Medresco aids of this type are now in 
progress to confirm findings of laboratory and clinical tests. 

Patients with nerve or perceptive deafness require speech 
to te reproduced at an enhanced level, but are often dis- 
tressed by sounds above a certain intensity. For such 
patients an aid which regulates the output level to a con 
stant value despite variations in input level, and protects 
the user from sudden loud noises such as door slams, is 
probably desirable. Automatic level control and peak 
limiting are devices which can achieve this end, and are the 
subject of clinical investigations now in progress with the 
master hearing aid. The purely electronic problems of 
providing such facilities satisfactorily in the limited compass 
of a hearing aid without undue circuit complexity are, 


however, appreciable. In addition, consideration must be 
given, for example, to the possible disadvantageous effects 
on intelligibility of transient distortion, temporary paralysis 
by loud sounds, and the increase of background noise in the 
intervals between speec h. 

Fundamental advances in battery techniques have been 
few, but a close watch is maintained on all developments 
which could lead to reductions in cost and weight, and to 
improvements in shelf life. 

The development of crystal triodes or “‘transistors’”” may 
in time render the filament heating battery redundant and, 
as a further possibility, printed circuit techniques may 
improve so that applications to hearing-aid designs will no 
longer be viewed with caution. 

A design for an acoustic adaptor to permit the use of 
the Medresco Aid with any P.O. telephone instrument has 
been evolved, and a few samples have been made available 
to the National Institute for the Deaf, for trial and users’ 
comments. 
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The Birmingham-Manchester Television Link 
U.D.C. 621.397.24:621.315.212.4 


HE B.B.C. television station at Holme Moss came in- 

to operation on 12th October, 1951. Vision signals are 

relayed to the station by a point-to-point television 
link fromBirmingham, asan extension to the existing London- 
Birmingham cable link. The Birmingham-Holme Moss link 
was provided by making use of two tubes of a new Birming- 
ham-Manchester cable (84 miles), consisting of six coaxial 
tubes, external diameter 0-375 in., surrounded by 376 audio 
pairs. From Manchester, Telephone House, to Holme Moss 
(22 miles) the link uses two coaxial tubes in a 6 tube 
180 audio pair cable on the Manchester-Sheffield route as 
far as Mottram, and from this point a special 2 tube 
52 audio pair cable is laid over the last 10 miles up to the 
Holme Moss station. 

At Manchester, tail cables connect Telephone House and 
the B.B.C. Piccadilly premises to enable the latter to act as 
a control centre. Similarly at Birmingham a short tail cable 
connects B.B.C. Broad Street and Telephone House. 

Television signals comprise all frequencies in a band 
approximately 20 c/s to 3 Mc/s, and it is, therefore, not 
possible to transmit them directly to the coaxial cable, both 
on account of the unbalanced nature of the cable and the 
design of amplifiers. The whole band ‘of vision frequencies 
is (for these reasons) raised by modulation. To economise in 
band width, however, two sidebands are not transmitted, 
but asymmetric sideband transmission is used, the carrier 
frequency (corresponding to 0 cycles of the vision signal) 
being 1,056 kc/s. The extent of the vestigial sideband is 
about 500 ke/s, so that the vision signals occupy a band 
from about 500 ke/s to 4,000 kc/s on the cable. 

Amplifiers are fitted at the normal nominal spacing used 
for telephony, 6 miles, but the design of amplifier is 
different to allow for the higher attenuation at the top 


frequency, and the somewhat different allowable noise 
limits in the two cases. 

The shape of the television signal being of great im- 
portance, it is necessary that greater care be taken than for 
telephony in the speed of transmission of different fre- 
quencies since they must travel the line without significant 
change, either in their relative amplitude or phase. It is, 
therefore, of great importance that the line be equalised 
within narrow limits for attenuation and delay distortion. 
These requirements imply also that electrical irregularities 
at cable joints, within the cable itself and indeed at any 
point where reflections could occur, should receive minute 
attention. 

The limits of design of the system were worked out so that 
the maximum number of television links in tandem could 
be tolerated, and the results viewed from every aspect, 
pulse transmission, test-card and normal programme, have 
been highly satisfactory and gratifying. 

It should perhaps be mentioned that the question of the 
use of coaxial pair for the transmission of television signals 
has been discussed internationally on the C.C.L.F., and the 
Birmingham-Holme Moss system complies with the recom- 
mendations formulated. 

In addition to the two-way television transmission and 
audio transmission, the cable will carry 1,200 telephone 
circuits on the remaining four coaxial tubes. 

Finally, it is particularly pleasing to note that this 
project was carried through to a tight date by unstinting 
co-operation between the various parts of the Engineering 
Department, the Regions, the General Electric Co. who 
constructed the amplifiers, and Standard Telephones & 
Cables who made and laid the cable and produced the 
translating equipment. BW. 





The Conduct of Articulation 
Measurements 


U.D.C. 621.317.34:534.78 


R. H. de WARDT, 8.5c.(Eng.), A.C.G.1.F 


Transmission performance ratings based on articulation tests are used for planning the telephone network of this country for transmission 
and are being studied for international use. The tests, although fundamentally simple, require a complex procedure to reduce to a 
minimum discrepancies of the kind which occur in subjective testing. The article describes the technique now in use by the Post Office. 


Introduction. 

HE assessment of the performance of telephone 

channels by measurements of the proportion of 

sounds, syllables or words transmitted correctly, 
has been used in this country since the early years of the 
century, although the first published description seems to be 
by Campbell in 1910.1 At the present time this method, 
known as articulation testing, is perhaps the most common 
form of laboratory technique for assessing the performance 
of telephone equipment. It has the advantage that it is one 
of the few techniques which, if suitably conducted, gives a 
reasonably high precision and takes into account most of 
the factors which affect transmission. 

Measurements which depend on the reactions of subjects, 
in this case talkers and listeners, are most precise when used 
for the comparison of two or more items. Articulation 
testing comes in this category; for example, little useful 
meaning can be attached to the statement that the articula- 
tion (i.e. the percentage of sounds received correctly) of a 
particular telephone channel as measured by certain sub- 
jects is 90 per cent. If, however, the articulation of a 
channel ‘‘A”’ is said to be 90 per cent. and a channel “B”’ 
95 per cent., it is at least possible to infer that channel B 
is better than channel A in the conditions used in the test. 
In practice, it has been found that more useful information 
can be obtained if the test is made in such a way that the 
sensitivity of channel B is altered until it gives the same 
articulation as channel A. The difference in sensitivity can, 
in practice, be measured in terms of the amount of non- 
reactive attenuation which must be added to channel B. 

In the technique of relating differences in articulation to 
attenuation, which has been explained in detail by West,’ a 
curve of articulation against added attenuation (i.e. 
sensitivity) is produced for each channel. Fig. 1 shows a set 
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Fic. 1.—Typicat ARTICULATION/SENSITIVITY CURVES 

of typical curves. A suitable level of articulation having 
been chosen, the corresponding sensitivity settings x, %, 
and x, are estimated. The value of sound articulation 
usually taken for this is 80 per cent. Articulation measure- 


+ Executive Engineer, Engineering Branch, London Telecom 
munications Region (formerly at Research Station). 
1 See references at end of article. 


ments are, therefore, directed towards measuring the 
percentage articulation at a number of sensitivity settings 
to define the curve of articulation versus sensitivity with 
sufficient accuracy to estimate the sensitivity at 80 per cent. 
articulation. This usually necessitates measurements over 
the range from maximum articulation down to 40 or 50 
per cent. The figures of percentages quoted here are all for 
sound articulation, as these are the units commonly used 
by both the British Post Office and the C.C.LF. 

rhe technique of obtaining comparative assessments of 
circuits by articulation tests is also being studied by the 
Fourth Commission d’Etudes of the C.C.I.F., which is 
responsible, among other matters, for specifying the quality 
of transmission for international telephone circuits, with 
particular reference to the local network. It is in this field 
that the term A.E.N. (Affaiblissement Equivalent pour la 
Netteté) rating has been introduced for the attenuation 
difference between the 80 per cent. articulation points of 
different curves. For example, if channel C of Fig. 1 is a 
reference system the A.E.N. rating of channel B is x,~%g. 

rhis type of assessment is commonly used in the pro- 
duction of planning data, where it is necessary to assess the 
relative performance of different channels or changes within 
a channel. It is used as the basis of the ‘‘Transmission 
Performance Rating’ technique which has recently been 
introduced for planning subscribers’ circuits. In this the 
various factors which affect transmission are brought to a 
common scale of non-reactive attenuation. 

Thus a complete articulation test consists of counting the 
proportion of sounds which can be transmitted correctly 
over a number of telephone channels at a number of 
different sensitivity settings. A typical test would have six 
channels and five sensitivity settings. A test of this nature 
is usually planned so that each test crew member talks and 
listens to each other member on each sensitivity setting of 
each channel. For a crew of five, as commonly used, the 
rate of testing is increased by arranging the equipment so 
that four people can listen simultaneously. With this 
arrangement such a test would take about four days. 

In each talk a list of 25 logatoms is read. The logatoms 
each consist of a consonant-vowel-consonant sound com- 
bination typical of the language, in this case English. 

The time required for even a simple test of the type 
described above makes this method very expensive ; 
consequently considerable attention has to be paid to the 
organisation and execution of the tests. Furthermore, the 
data obtained must be presented and analysed in such a 
way that the maximum amount of information is extracted; 
the principles of planning tests for this purpose are described 
elsewhere. The tests are expensive, but important because 
decisions possibly involving considerable expenditure may 
depend on their results. 


ACCOMMODATION AND EQUIPMENT 
Two rooms are required for articulation tests, one for 
the talker and the other for the listeners, and in each special 
care has to be taken of the acoustical conditions. The room 
in which the talker sits is 25 ft. x 10 ft. « 12 ft. high and is 
treated to reduce reverberation to a satisfactory level. The 
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listeners’ room, which is insu- 
lated from external sources of GROUP 

: REQUIRING 
noise, is only made large enough TEST 
to seat the four listeners in 
comfort. It is provided, because 
of its small size, with a silent 
ventilation system to ensure that 
the crew have satisfactory work- 
ing conditions. 

The talker’s room contains 
a high-quality reference tele- 
phone channel (the ARAEN) 
together with a number of local 
telephone circuits and switching 
equipment. The ARAEN, 
which is similar to that installed 
in the C.C.I.F. Laboratory, has 
been described elsewhere;> the 
local telephone circuits consist 
of panels containing subscrib- 
ers’ sets, artificial subscribers’ 
lines and exchange transmission 
bridges arranged in a form that 
facilitates the representation of 
various types of circuit; the 
switching equipment is_ pro- 
vided to allow components to 
be switched from channel to 
channel by means of simple 
controls accessible to the test- 
ing crew. This latter provision 
has resulted in a considerable 
economy in equipment. 
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The talker sits at a_ table 
fitted with clamps for holding 


Fic. 3. 


telephone handsets, the moving-coil microphone of the 
ARAEN and the vocal-level meter which is part of the 
ARAEN (see Fig. 2). The table is arranged so that there are no 
obstacles immediately in front of the talker which might 
produce reflections, and for this reason all the racks of 
equipment are placed behind the talker. 

The listening room is fitted with loudspeakers which 








Fic, 2.—TALKER AT THE TALKING PosiITtION oF THE ARAEN, 


provide ambient room noise with the energy spectrum of 
average room noise. Each of the four listeners is provided 
with a complete set of local telephone equipment, the four 
circuits being obtained by splitting the circuit with hybrid 
transformers. A simple intercommunication system is pro- 
vided between the talking and listening positions for 
passing test details and indicating the cominencement of 
a list of logatoms. 
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DEQUENCE OF STAGES IN THE ORGANISATION OF ARTICULATION TESTS. 


ORGANISATION OF ARTICULATION TESTS 
General. 


The method of conducting articulation tests has become 
increasingly complex as it has been found that increased 
precision usually involves more rigorous checks of equip- 
ment and a greater degree of uniformity in testing technique. 
Fig. 3 shows the organisation which has gradually evolved 
to meet these needs, and which in some respects is still 
evolving. The organisation can be considered in three parts: 
the preparation for the test, the execution of the test and 
the analysis and filing of results. 


Preparation. 

Work which requires articulation tests often originates 
in groups outside the articulation testing group. In such 
cases the details are given to the engineer in charge of the 
articulation testing group who discusses the details with the 
originating group and then prepares detail sheets giving the 
outline of all aspects of the test. The detail sheets contain 
a complete description of the channels, a description of the 
type of pure tone measurements to be made to check the 
channels, the type of test schedule to be used, and all the 
incidental details which must be fixed, such as room noise, 
talking distance, and microphones and receivers. Although 
there is only one testing crew, there are two sets of testing 
equipment; thus, while one test is in progress the equipment 
can be prepared for the next. The two sets of equipment are 
not exact replicas, each having some special features. Hence 
tests must be made with the most suitable equipment, and 
it is necessary to arrange the order with some care, so as to 
ensure that the crew is not delayed by unprepared equip- 
ment. The detail sheets also specify which talking and 
listening rooms are to be used. 

Details of the channels and check tests are then amplified 
as necessary and an outline of the test schedule prepared. 





The equipment is prepared and tested in accordance with 
the channel and check test details, and the crew leader is 
provided with instructions for making preliminary tests to 
choose the sensitivity settings. It is possible, with ex- 
perience, to estimate sufficiently accurately a preliminary 
value for the sensitivity setting to give 80 per cent. sound 
articulation; the crew then read four lists of 25 logatoms on 
this setting to check this estimate, which is usually made by 
their leader. An experienced tester can estimate the 
sensitivity setting for 80 per cent. to within + 5 db. The 
crew leader also prepares the complete test schedule, which 
shows the details for each talk in the test, talkers, listeners, 
channels, sensitivity settings, microphones, receivers and 
any other conditions which may be changed. The sensitivity 
settings selected as a result of the preliminary test are 
entered on the detail sheet. At the same point the results of 
the check tests made with pure tones are returned. 

For a test with six channels, involving only the ARAEN 
and commercial telephone circuits, the preparations take 
about two days. 


Execution. 


In a conventional test a crew of five are used, one talking 
and four listening. After each talker has read a list of 25 
logatoms the crew change positions. At each change the 
channel and sensitivity setting is changed in accordance 
with the test schedule and, if commercial circuits are being 
tested, the microphones and receivers at the sending and 
receiving ends are changed. The listeners write their results 
on prepared slips, known as score sheets, headed with a 
number identifying the test, the talk within the test, the 
circuit condition, the talker, the listener and the number of 
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the logatom sheet (see Fig. 4). The talker, listener and 
channel are usually identified by code letters. The listeners 
write their answers in the left-hand half of the sheet and, 
after the rotation of five talks has been completed, the sheets 
are scored against the original lists. To assist in a statistical 
study of the errors the correct sounds are written in the 
right-hand column when any error occurs. The total 
number of sounds received correctly is then noted atthe 
bottom of the sheet. The totals are transferred from this to 
a testing schedule where they are entered individually 
against each listener. The totals are then transferred to a 
summary sheet (see Fig. 5) where they are entered under the 


TEST CONDITIONS (SENSITIVITY SETTING) 


1456 25 1310 960 


Totals 
Max | 
Possible 1500 | 1500 1500 


%, Artic 97-1 87:3 64-0 
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sensitivity setting for each channel, with the talker and 
listener noted against each entry. 

In a normal test, five sensitivity settings are used on each 
channel, and each talker reads a list of 25 logatoms once 
over each. Thus a maximum of 1,500 sounds can be 
received at each sensitivity setting (each logatom consisting 
of 3 sounds). The normal rate of working is about 40 talks 
per day, hence a test with six channels each with five 
sensitivity settings will take about four days. The rate of 
40 talks per day has been found to be near the maximum 
that can be accomplished without fatigue to the crew. 

To increase the precision of the results, it has been found 
necessary to secure an extreme degree of uniformity in all 
the operations in the tests. A considerable increase in 
precision can be obtained by causing the talkers to speak at 
a fixed level instead of at their various natural levels. The 
level is maintained at a constant value throughout the tests 
with the aid of a vocal-level meter which is part of the 
ARAEN. In normal conversational speech the level of each 
syllable varies, and thus the problem of estimating speech 
levels is extremely complex. To obtain something approach- 
ing the relative natural levels for each logatom, it is inserted 
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in the “carrier” phrase “CAN CON BY — ALSO.” The 
first three syllables are among those which in normal 
conversational speech are enunciated with equal high levels. 
The talkers are trained to control their voice level to give 
equal deflections on the vocal-level meter for each syllable. 
The logatom is then enunciated with the natural level 
corresponding to the level used for the first syllables of the 
carrier phrase. The talker makes no attempt to obtain the 
same deflection of the meter for the logatom. 

The “ALSO” after the logatom is used to avoid any 
tendency to drop the level of the voice at the end of a 
phrase, and also to prevent talkers unduly accentuating the 
final consonant of the logatom by terminating it with an 
extra vowel. The talkers are also trained to use a closely 
defined system of pronunciation when speaking. 


Analysis. 

When the test is complete the sounds received correctly 
on each sensitivity setting on each channel are totalled on 
the summary sheets by the crew leader (see Fig. 5), and the 
score sheets are filed. Preliminary curves of articulation 
versus sensitivity are then prepared ‘which provide crude 
results of use in determining the best! method of analysis 
and in providing advance information. 

The results sheets and preliminary curves are sent to 
another part of the group for statistical analysis. The first 
step in this is the preparation of the computing scheme 
applicable to the particular test. The scheme used varies 
according to the test, but with the normal type of test, made 
with the object of providing planning data, the whole of the 
experimental work is directed towards defining the 


sensitivity setting for 80 per cent. sound articulation. 
Therefore, to obtain the maximum value from the results 
it is necessary to obtain the most reliable estimate of the 
sensitivity setting for 80 per cent. articulation and a 
quantitative measure of the confidence which can be placed 


on it. 

Various methods of estimating the sensitivity have been 
tried and it has been found that each has advantages for 
certain cases. The method most commonly used, particularly 
where there is an appreciable difference between the 
channels being tested, is to fit an empirical curve of 
articulation versus sensitivity to the experimental points 
by the statistical technique of Maximum Likelihood.® This 
method is essentially a :efinement of the use of the ordinary 
“French curve’ but yields a unique result. 

The general shape of the articulation/sensitivity curve is 
shown in Fig. 1. Various forms of empirical curves have 
been used to approximate to this. The most useful are the 
exponential S = a + 6b exp (x/c) (where S is the sound 
articulation and x the sensitivity in decibels), and the 
logistic S = C [4 + 4 tanh (A + Bx)}. 

The results and computing scheme are given to the 
computer, who works through the scheme and then returns 
the computed results, which also include the confidence 
limits of the 80 per cent. articulation values, to the statistics 
part of the group. The computations are filed and the 
results sheets, summaries and the computed results are 
returned to the engineer in charge of the conduct of the 
observations. A copy of the computed results is given to 
the group who originated the test, and all the results sheets 
and summaries are filed together with any notes of special 
details. 

The complete analysis and filing of results for a test 
involving six channels takes about eight days. The com- 
putational work involved in the analysis (assuming that 
logistic curves are fitted) takes about one day per channel. 


LOGATOMS 


In speech some sounds are more easily recognised than 
others, and thus the results obtained in an articulation test 
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will depend on the sounds which occur in the logatoms. 
If the results of the tests are to be comparable with the 
performance under normal conversational conditions, it is 
important that the logatoms should have a content similar 
to that of the speech. 

Investigations of the English language? have revealed 
that any word can be broken down into syllables of the 
consonant-vowel-consonant type. In this investigation 
“blank” consonants were allowed, consequently syllables 
consisting of consonant-vowel, vowel-consonant or vowel 
only were permitted. The frequency of occurrence of 
sounds in each component of the syllable was also investi- 
gated and it was found that although it was comparatively 
simple to establish the frequency for initial consonants, the 
vowels and final consonants presented a more difficult 
problem. The frequency of occurrence of any particular 
sound is usually expressed as a percentage ; thus, if the 
frequency of occurrence of ‘‘B”’ as an initial consonant is 
3 per cent., it occurs, providing a sufficiently large sample 
is taken, three times in every 100 initial consonants. 

The frequency of occurrence of any vowel is dependent 
on the particular initial consonant which it follows, and 
similarly the occurrence of final consonants depends on the 
preceding vowel. For example, if the initial consonant is 
“P” the frequency of occurrence of the vowel “A” (the 
long A) is 8 per cent., but if the initial consonant is “‘D”’ it 
is 12 per cent. 

Until recently, no account was taken of this phenomenon 
(i.e. the correct relative frequency of transitions) when 
compiling logatom lists. Vowels and final consonants were 
then given frequencies of occurrence which were inde- 
pendent of the preceding sounds. Recently, however, new 
lists have been made based on the use of the correct 
transition frequencies. One result of using this method of 
constructing lists is the appreciable number of English 
words which are produced. These have been retained in 
the lists since it is believed that the crew do not recognise 
logatoms as words. The great advantage of these logatoms 
is that the combinations which do occur are always tvpical 
of ordinary English so that they are never unduly difficult 
to pronounce. 

Both the initial and final consonants include a number 
of compound sounds, such as “BL,” “KR” aad “SKR” in 
the initials and “LK,” ““LVD” and “NT” in the finals, but 
some which occur rarely have been omitted. Altogether 
46 initial consonants and 65 final consonants are used. 
An appreciable number of the rarer vowels have been 
omitted and the final list used contains only 16. 


CREW SELECTION AND TRAINING 

The crew consists of six members, three men and three 
women. Five are employed in a normal test and the 
sixth kept as a reserve to cover leave or sickness. 
However, it is generally not possible to change a crew 
member during a test; if work is stopped through pro- 
longed sickness or some other unforeseen cause, it is usually 
necessary to recommence the test. 

The problem of obtaining and training a crew has been 
given considerable attention. Since a training period of 
three months is required, it is necessary to be certain that 
when trained a crew member will be satisfactory, and in 
particular not dissatisfied by the monotony of the work. 
The basis of the crew problem is to find a group of indivi- 
duals who, when trained and combined in a crew, give repro- 
ducible and uniform results. To check that the crew is 
satisfactory in this respect the statistical concept of 
heterogeneity has been invoked. 

Heterogeneity factor is the ratio of the precision to be 
expected of an ideal crew to the actual precision obtained 
by the real crew. Precision is defined as the reciprocal of 
variance (mean squared deviation from the mean) so that 





heterogeneity factor may also be defined as (observed 
variance)/(expected variance). An ideal talker/listener 
combination is defined as one which yields results which 
are dispersed (for a given sensitivity setting of a given 
channel) to the extent to be expected by pure chance alone 
(i.e. when there is a constant probability of correct recep- 
tion of a sound). The amount of dispersion due to pure 
chance may be visualised by the following conception. 
Consider a barrel containing a very large number of black 
and white balls. The proportion of black balls represents 
the mean proportion of sounds correctly received. Now 
let the balls be thoroughly mixed and handfuls of 75 balls 
be drawn at random. The number of black balls out of 
each 75 is counted. If 80 per cent. of the entire barrel 
consisted of black balls the first ten numbers might be 
59, 56, 53, 59, 63, 66, 63, 59, 65, 58 These would be 
dispersed (given a large enough sample) about the mean 
60) with variance 12. An actual articulation test might 
yield the results 57, 60, 54, 62, 62, 67, 64, 47, 57, 55, having 
a variance 32. The heterogeneity factor for the articu- 
lation test would then be 32/12, i.e. 2-7. An artieulation 
measurement is analogous to the problem of estimating the 
unknown) proportion of black balls in a given barrel by 
drawing handfuls of 75. In the ideal case the population 
of the barrel is, although unknown, fixed. In the practical 
case there are two demons inside the barrel, one painting 
black balls white, and the other painting white balls black 
On the average they work at equal rates but at the instant 
when any particular handful is drawn one demon may be 
slightly ahead of the other sc that there is a varying 
proportion of black balls in the barrel although the mean 
proportion is constant. In such a system heterogeneity 
may be said to result from the instantaneously unequal 
rates of work of the two demons and the problem is then 
to estimate the mean proportion of black balls. 

Heterogeneity arises within the results by each talker 
listener pair and also between results by different talker 
listener pairs within the crew. The aim of good training 
is to reduce both forms of heterogeneity 

Experience with this technique has shown that a highly 
trained crew has a heterogeneity factor in the region of two 
whereas for a less skilled crew the factor is appreciably 
larger, being perhaps ten or more for a poor crew 

rhe crew are trained to enunciate the carrier phrase 
and logatoms at the controlled level required for these 
tests and to maintain this with the aid of a vocal-level 
meter. They are also trained in the correct method of 
pronouncing and writing all the sounds in the phonetic 
ilphabet used for the logatoms. 


Test SCHEDULES 


The foregoing gives a description of the 
which is essential for the efficient conduct of articulation 


organisation 


measurements. An equally important part of the articu- 
lation measurement technique is concerned with the 
neutralisation of the sources of variability which remain 
even when a highly trained crew is used. For example, 
consistent differences have been found still to exist between 
results for different talker/listener pairs; results on 
different days differ ; various complicated interactions of 
these effects with circuits and sensitivity settings are also 
present 

In order to take advantage of modern methods of 
designing experiments, which have been developed for 
similar problems in the biological field, it is necessary to 
make the observations to a carefully designed plan. Two 


features are necessary, (i) the combinations of all factors 
whose effects it is desired either to estimate or to neutralise 
must be in accordance with an appropriate systematic 
design, and (ii) all other factors, known and unknown, 
must be allowed to operate only at random. These 
requirements cannot be considered here, but it is important 
to note that they result in quite complex arrangements 
regarding the sequence and necessary combinations of 
talker/listener, channels, sensitivity settings, microphones, 
receivers, etc. In order to avoid mistakes in conducting 
the observations the test schedule is drawn up in advance 
before any observations are made. 


Fig. 6 shows part of a typical schedule. In this test the 
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talkers, listeners, listening positions, handsets, channel 
and channel sensitivity settings are specified. The 
channels and sensitivity settings have been arranged to 
occur in a random order, but the handsets are arranged in 
a systematic order. The result (number of sounds 
received correctly) by each talker/listener is entered on the 
schedule before it is transferred to the summary sheets. 
This is of particular use in some of the more complex forms 
of statistical analysis where all the information on the test 
schedule is required in addition to the results. 
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A Pulse Echo Test Set for the Quality 


Control & Maintenance of Impedance 
Uniformity of Coaxial Cables 


U.D.C. 621.317.73: 621.3415.212 


A description is given of a pulse echo test set designed 
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vending scale of yards or metres. A technique which has been developed using the apparatus for testing coaxial 
stages of manufacture and installation is described. 


Introduction. 
HE detection and measurement of impedance 
irregularities in coaxial and other types of cable by 
means of short pulse echoes displayed on the screen 
of a cathode ray tube is not a new development, and several 
descriptions of apparatus for this purpose have appeared in 
the technical press. The adaptation of radar ranging tech- 
nique for measuring distances to the reflections caused by 
mismatches in cables was a logical development. 

The apparatus here described does not embody new 
principles and is only novel in the sense that it incorporates 
a considerable number of refinements. The sum total of 
these refinements, however, is such as to represent a 

ignificant development in the technique of quality control 

of coaxial cables during manufacture and installation. In 
addition to a precision ranging control, delayed and ex- 
panded time-base facilities, choice of pulse width, and 
provision for measurement of reflection coefficients, the 
apparatus also incorporates the means for accurately 
measuring the end impedances of cables in terms of a 
standard reference core. 

The end impedance measured is an approximation to the 

2-5 Mc/s ordinate of the resistive component of the sending 
end impedance pgesented to the incident pulse. The making 
of the measurement from both ends of cable cores is an 
essential feature of quality control for impedance uniformity 
because good uniformity at the wrong impedance level or 
slow changes in level along a length causing no internal 
reflections of the incident pulse might otherwise pass un- 
detected until after jointing lengths together. 

This article is divided into two parts. In the first the 
Pulse Echo Test Set is described together with some of the 
considerations which led to the present design, and, in the 
second, its method of use is discussed and examples of some 
typical tests are given. 


GENERAL REQUIREMENTS AND DESIGN CONSIDERATIONS 

The Pulse Echo Test Set has been designed to give 
adequate sensitivity and ease of interpretation for the 
quality control of type 375 coaxial cables which may be 
required for the operation of wide-band carrier telephone or 
television systems at frequencies up to 10 Mc/s. The 
primary design considerations are pulse width and shape; 
pulse repetition frequency; sensitivity; time-base ranges and 
time-base delay facilities for tests on 75-ohm coaxial cables 
varying in length from about 100 yards to 10,000 yards. 


Pulse Width and Shape. 

\ unidirectional or D.C. pulse has been found to meet the 
requirements of cable testing more effectively than a 
modulated A.C. pulse. Two D.C. pulses of a train are shown 
plotted against time in Fig. 1. The pulse width, w, is 
customarily measured at half pulse height, 4/2, and the 
reciprocal of the spacing, ¢,, between successive pulses is the 
repetition frequency, f,, The relative or equivalent fre- 
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Fic. 1.—Two or a TRAIN oF D.C. PULSEs. 


quency, /,, of the pulse train is the reciprocal of the width, 
w. The harmonic spectra of a variety of D.C. pulse shapes 
as functions of f, and /, have already been published.* The 
ideal in pulse shape for coaxial cable tests is one giving 
negligible harmonics in the spectrum either below 60 kc/s, 
the lowest cable operating frequency, or above f,, the 
equivalent frequency, and for the present set a shape 
approximating to that of the raised cosine shape, as shown 
in Fig. 1, is employed. As there are transformer couplings 
and a hybrid output transformer in the set, the D.C. com- 
ponent of the pulse is eliminated and in consequence there 
is a trailing overshoot to the pulse transmitted to the cable, 
giving an area below the base line equal to that of the pulse 
proper above the line. The overshoot falls to a maximum 
of about 15 per cent. of the pulse height, f, but 
recovers to within 4 per cent. within half the pulse 
width time, after which it becomes asymptotic. In the 
first two lobes of the envelope of the harmonic distribution 
curve, above the equivalent frequency, f,, the maximum 
amplitudes for this pulse are approximately 33 db. and 
52 db. down, respectively, and the effective harmonic 
content extends from just above the repetition frequency, 
f,, up to about 0-8 times the equivalent frequency, /,. 
Experience with tests on coaxial cables extending from 
100-yard factory lengths to 10,000-yard repeater section 
lengths suggested a choice of three pulse widths, 0-05, 0-1 
and 0-2 microseconds, for which the effective harmonic 
contents extend to 16, 8 and 4 Mc/s, respectively. 


Pulse Repetition /requency. 

Conflicting requirements have to be reconciled in 
selecting the pulse repetition frequency. Considerations 
of the harmonic content of the pulse suggest 60 kc/s but 
the time, ¢,, between successive pulses would then be only 
16-7 microseconds, the time taken for a pulse to travel to 
and from a point 14 miles from the test end on a type 375 
coaxial cable. To cater for tests on cables much longer 
than this and from other considerations, including the 
allowance of ample recovery time from amplifier over- 
loading which may be caused by large reflections from 
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unterminated distant ends, it was found to be desirable to 
fix ¢, at 500 microseconds and to use a repetition frequency 
of 2 kc/s both to trigger the pulse and the time-base gener- 
ators. The resulting harmonics in the pulse spectrum 
below 60 kc/s contribute to its energy rather than to its 
shape and in consequence their undesirable distorting 
effects on the trace displayed on the C.R. tube may be 
eliminated by inserting a simple high-pass filter at the 
input to the video amplifier feeding the vertical plates. 


Sensitivity. 

The reflected pulses from small irregularities in impedance 
require to have their amplitudes measured for quantitative 
assessments of the quality of the cables tested. This is 
most conveniently achieved by means of a R.F. attenuator 
and the results obtained as the difference in level, expressed 
in decibels, between the incident pulse and the reflected 
pulses arriving back at the cable test end. Since an 
80 db. reflection in a 75-ohm coaxial is equivalent to an 
impedance change of 0-015 ohms, detection and measure- 
ment of reflected pulses down to 80 db. below incident 
pulse level has been found to be quite adequate for the 
quality control of high grade coaxial cables. 


Time Bases: Ranges and Delay Facilities. 

The linear sweep time-base has been found essential 
for the rapid and accurate location of irregularities, and 
single-shot generators provide convenient facilities for 
varying the speed of the linear sweeps to cater for wide 
variations in cable lengths. There is here a serious 


limitation in that however long the cable is, its displayed 
oscillogram must be compressed on to the cathode ray tube 
screen, which for a 6-in. tube means compression to fit a 
trace about 10 cm. in length. Accurate location may then 
be difficult if for example 1 cm. in the trace is equivalent 


to 1,000 yards of cable. The most elegant method of 
avoiding this limitation is to provide additional and com- 
pletely separate delay circuits for adjusting and measuring 
the times at which the time-base starts in relation to the 
pulse transmitter cycie. This last is shown in Fig. 1, and 
the additional circuits enable the start of the time base to 
be delayed from (a) to (6) by a variable but measurable 
time-base delay, ¢4, microseconds. The selected time base, 
displaying ¢, microseconds per 10-cm trace then occupies 
the portion (5) to (c) of the pulse transmitter cycle. For 
tests on type 375 coaxial up to 6 miles in length, suitable 
. ranges for these two variables are, time-base delay ¢,, 0 to 
100 microseconds ; time base, ¢,, 2-5 to 160 microseconds, 
both continuously variable. With these facilities the 
oscillograms for a long length of cable may be examined in 
a number of successive 10 cm. portions or frames on the 
tube screen. 


PRACTICAL EMBODIMENT IN TEST UNITS. 

Fig. 2 is a block schematic diagram showing the arrange- 
ment of the various circuits of the Pulse Echo Test Set. The 
approximate shapes of the waves in the main parts of the 
circuits are indicated thereon. The base oscillator is 
crystal controlled and multiplying circuits supply three 
sinusoidal waves at 100 kc/s, 1 Mc/s and 5 Mc/s for cali- 
brating the time bases. A recurrence unit, consisting of 
frequency dividing circuits driven by the base oscillator, 
provides pulses at the repetition frequency of 2 kc/s. 
These pulses are used to trigger both the time base and 
pulse transmitter to obtain stationary pictures. Both 
are fed through variable delay circuits to control the times 
of triggering. A hybrid output transformer allows only a 
residuum of the incident pulse to get through the attenuator 
and video amplifier which control the vertical amplitudes 
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Fic. 2.._BLock ScHEMATIC DIAGRAM OF PuLsE Ecuo Test Ser. 
of the reflections displayed on the tube screen. Particular 
attention has been devoted to adequate facilities for self- 
calibration and monitoring of the circuits provided. 

The set is made up in five easily transportable steel cases 
and is shown ready for use, excepting for test leads, in 
Fig. 3. A special camera, not shown, may be bolted on 
to the front of the tube screen in place of the viewing hood. 


Delay-Calibrator Unit. 

This unit houses the base oscillator, miulti-vibrator 
circuits, and 2 ke/s triggering circuits for both the time 
base and the pulse transmitter. The main control of this 
unit is the 10-revolution helical potentiometer for setting 
the time base delay, ¢4, in microseconds or in equivalent 
length in yards of type 375 coaxial cable. Push-button 
switches supply monitoring signals for the base oscillator 
and multi-vibrators and the three time-base calibrating 
signals. 


Transmitter Unit. 

The pulse-forming, amplifying and transmitting stages, 
together with the R.F. attenuator, E.H.T. power pack and 
stabilised 300V negative supply are contained in this unit. 
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lhe transmitting stage includes the hybrid output trans- 
former and the cable balancing network whose engraved 
impedance scale occupies the central position of the front 
panel. The R.F. attenuator has three 6-position rotary 
switches giving 0-80 db. in steps of I db. Three push 
button switches control the selection of the 0-05, 0-1 and 
()-2 microsecond incident pulses. 


Indicator Unit. 

\ 6-in. cathode ray tube of the VCR97 type used for the 
<lisplay is housed in this unit. On the same chassis are the 
video amplifier and the time-base generators. The response 
of the video amplifier is flat from 100 ke/s to 10 Mc/s, 3 db. 
down at 15 Mc/s and 10 db. down at 20 Mc/s. Below 
100 ke/s a simple high-pass filter at the input causes the 
gain to fall off at approximately 3 db. per octave. The 
overall gain over the flat part of the response is about 
55 db. The first three stages of the video amplifier have a 
common gain control operated from the front panel and 
used for setting the indicated pulse height to a suitable 
value. In addition to the usual controls for brilliance, 
focus, X-shift and Y-shift, the time-base range controls 
can be set toany value, ?,, within the limits 2-5 to 160 micro- 
seconds. A perspex, adjustable graticule divided into 
centimetre squares with the two axes further divided into 
millimetres is fitted to the front of the tube. 


Power Units. 


Two units are provided : one supplies stabilised +-350V, 
250 mA and the other stabilised +250V, 250 mA for the 


main H.T. feeds. The lower power unit has an input socket 
for the 230 V A.C. mains supply from which all five units 
ire energised. 

All units are equipped with meter jacks through which 
the voltages at various points in the -circuits may be 
measured with a meter clipped on to the front panel of the 


upper power unit. 


COAXIAL CABLE TESTING WITH THE PULSE ECHO TEST SET 


Factory Testing During Manufacture. 

For factory tests the set may be installed in any test 
room conveniently placed in relation to the manufacturing 
product line. Unlike most other radio frequency tests, 
the pulse test admits of the use of comparatively long test 
leads, which may be installed between the test room and 
iny point in the factory where cables may be required to 
be tested. For each test lead so installed there must be 
electrically identical leads coiled in the test room to 
enable the impedance measuring network in the set, and 
the remote test point to be always symmetrically placed 
with reference to the conjugate windings of the hybrid 
output transformer. The test may then in effect be made 
as though the set were actually at the remote test point, 
subject only to a small loss in sensitivity caused by the 
ittenuation of the pulse going to and from the remote test 
point. 

Before making a test there are five selections and 
calibrations to be made, as follows : 

Time-Base Delay Range. Required to be greater than 
the pulse transit time to and from the far end of the longest 
cable to be tested. Four ranges in microseconds: 5, 10, 
50 and 100, and four in equivalent yardages of type 375 
coaxial cable: 500, 1,000, 5,000 and 10,000 are provided ; 
for most factory tests the 1,000-yard range is used, for 
which each scale sub-division of the T.B. delay potentio- 
meter is equivalent to 1 yard of cable. 

Time-Base Range. For any cable of known velocity of 
propagation this may conveniently be calibrated to give 
in integral number of yards per cm. of the trace displayed 
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on the C.R. tube sweep. For factory tests 40 yards per cm. 
has been found to be satisfactory and easily set up from the 
5 Mc/s calibrator signal and the T.B, delay potentiometer. 

Incident Pulse Width. In general the narrower the 
pulse the greater the sensitivity or ability to detect small 
impedance irregularities; but the narrower the pulse the 
greater the degradation in amplitude and width when 
transmitted along appreciable lengths of cable. It follows 
that a wide incident pulse may provide more data about 
distant portions of a cable than a narrower one. For 
factory tests the cable lengths are short and the 0-05 micro- 
second pulse gives the best results. 

Incident Pulse Amplitude. The amplitude of the pulses 
generated by the set is fixed at about 150V into 75 ohms, 
but the indicated amplitude on the displayed trace may be 
controlled by adjusting the gain of the video amplifier 
feeding the Y-plates. To eliminate variations due to the 
use of varying lengths of test leads, the adjustment for 
indicated amplitude should be made upon the incident 
pulse as it appears after total reflection from the open end 
of the cable test lead immediately before it is connected 
to the cable to be tested. The adjustment most commonly 
adopted for both factory and field tests is an indicated pulse 
amplitude of 1 cm. on the tube graticule with the R.F. 
attenuator set to 70 db. Since the pulse displayed is 
from the end of the cable test lead it may also be set to 
zero on the horizontal datum line on the graticule to mark 
where the cable oscillograms start and the test lead oscillo- 
grams finish. For uniformity of interpretation it is 
desirable to make all measurements of the distance from 
the start of pulses, i.e. (a) of Fig. 1 rather than from the 
peaks. 

Impedance Measuring Network. The measuring dial is 
engraved from 73:5 to 76-0 ohms by 0-05 ohms sub- 
divisions but it may only be used for comparative tests. 
With each Pulse Echo Test Set a reference core of known 
end impedance is required, and for tests on type 375 
coaxial cables it should be a length of type 37 coaxial 
core coiled up inside a portable sheet metal container. 
lo effect a calibration the reference core is connected to the 
cable test lead and the measuring dial is set to the known 
value of its end impedance. There will then be two 
reflections of unknown magnitude, one at the test lead 
reference core junction and the second at the conjugate test 
lead/network junction; these will appear on the C.R. 
tube screen, synchronised in phase opposition and their 
resultant will approach zero as the network impedance 
approaches equality with the reference core end impedance. 
3y providing a network with an impedance/frequency 
characteristic slightly different from that of the type 375 co- 
axial core, this resultant will not pass through zero but will 
pass through a minimum which yields an easily recognisable 
residual balance pattern on the displayed trace. The 
adjustment is made by manipulating the network Set Zero 
and Phase Adjust controls. 

To test a factory length of 375 coaxial core the cable test 
lead is plugged into one end of it and a simple 75 ohm 
resistive termination is plugged into the other end. With 
in attenuator setting of 10 db. the impedance measuring 
network dial and its phase adjust control are manipulated 
to reproduce the residual balance pattern obtained with the 
reference core. The dial reading then gives the end im- 
pedance of the coaxial core directly in ohms. To deter- 
mine the impedance uniformity of the core, its oscillogram 
is next examined with the attenuator at zero, i.e. at maxi- 
mum sensitivity, when (bearing in mind that the incident 
pulse was set to 10 mm. amplitude with 70 db. in circuit) the 
reflections coming from internal irregularities may be at 
once resolved into two groups—the smaller ones of 
amplitude 10 mm. or less on the screen graticule, which aré 





of electrical magnitude 70 db. or better than 70 db. below 
incident pulse level and which may in general be dis- 
regarded, and the larger ones, if any, showing an amplitude 
greater than 10 mm. and therefore a level worse than 70 db 
below. These last named may be measured by manipu- 
lating the attenuator to give them an amplitude of 10 mm 
on the screen. Their level in db. below the incident pulse is 
then obtained by deducting this attenuator setting from 70. 
A distinction may also be noted between positive reflections, 
i.e. those in the same direction as the incident pulse and 
due to a step-up in impedance, and negative reflections in 
the opposite direction due to a step-down in impedance 
It may also be necessary to note the locations of the larger 
reflections either by directly scaling off horizontally along 
the screen graticule in centimetres and allowing 40 yards 
per cm., or more accurately by noting the scale reading of 
the T.B. delay potentiometer required to shift the reflection 
on to the zero datum line. For record purposes the 
oscillogram may be photographed or copied by hand and 
annotations made of the end impedance and of the mag- 
nitude, sign, and location of any reflections worse than 
70 db. below incident pulse level. The coaxial core should 
then be tested in exactly the same manner by plugging into 
its other end. 

An illustrative example of a pair of oscillograms 
obtained from a factory length of type 375 coaxial core is 
shown in Fig. 4. Between (a) and (+) are the combined 
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reflections coming from the two test leads Between 
(6) and (c) is the residual balance pattern of the end 
impedance tests, here in the form of a letter M. Briefly, 
and omitting certain refinements, the criteria for this 
pattern are that the shoulders of the M be of ¢ qu ilamplitude 
and its centre point be level with its feet The core 
tested was 230 yards in length and its oscillogram extends 
from (b) to (e). Between (e) and (/) is the reflection caused 
by the 75 ohm terminating resistance It will be noted 
that the residual balance pattern masks the first 20 yards of 
the core oscillogram but that there is no masking by the 
termination reflection. A complete picture will therefore 
be obtained by testing the core from both ends. On thes« 
oscillograms there are three reflections worse than 70 db 
below and their magnitudes and signs are noted he first 
one, 66 db. below, is 32 yards from the top ¢ nd of the core 
and it indicates that at this point the impedance of the 
coaxial core rises by 071 per cent. At (d), 115 yards from 
either end, there is a double reflection 65 db and 65 db. 


below incident pulse, which for the purpose of this example 
was produced by an artificial irregularity. The coaxial 
core was cut at this point and roughly jointed again, using 
a normal ferrule for the inner conductors and a 3-in. length 
of wire braid for the outer conductors. All short irregu 
larities give this characteristic double reflection and the 
sign of the first half indicates whether the short irregularity 
is of higher or lower impedance than the adjoining core. 
In this example, the rough joint has a higher impedance 
than the core. 


Field Testing During Installation. 

Field pulse tests may begin as soon as the drums of cable 
arrive on site, but, except for special investigations, routine 
field tests most commonly commence after the drum 
lengths have been installed and jointed into 2,000-yard 
slings. For these tests the set is most conveniently housed 
in a test van and a portable engine-driven A.C. generator 
with an output of 1 kVA at 230V is required. The pre 
liminary calibration procedure for the set follows that 
already described above for factory tests. The time-base 
delay range is set to 5,000 yards of type 375 core, the time 
base range is most conveniently set to the equivalent ot 
1,000 yards of core (i.e. 6-3 microseconds approximately) 
and the 0-1 microsecond incident pulse width is selected. 
rhe other two calibrations follow the factory procedure 
exactly. An example of a sling test on the Birmingham 
Manchester television cable is given in Fig. 5, in which the 
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oscillograms obtained from each end of core | are repro 
duced. There were 13 drum-lengths of cable in this sling 
ind, as a matter of interest, the estimated positions of the 
12 joints have been scaled off along each oscillogram. As 
the attenuation of the 0-1 microsecond pulse to and from 
i point 1,000 yards from the end of a type 375 coaxial core 
is only 7 db., a test on every sling of a cable ensures that a 
record is made of all irregularities in impedance, or changes 
in impedance level, exceeding 0-1 percent. Thus, adequate 
routine field control of a high-grade factory product is 
ensured. 

rhe oscillograms reproduced in Fig. § indicate that the 
effective impedance of the coaxial core joints accurately 
matches the impedance of the type 375 coaxial core for 
which they were designed. If for any reason a joint has 
been incorrectly assembled or damaged after assembly the 
sling oscillogram will show, at its location, the characteristi 
double reflection for a short irregularity, of which an 
example has been noted in Fig. 4. 

A second routine field test may be made when the 6-mil 
repeater sections of a coaxial cable are completed. The 
test for end impedance at the sealing end terminals in the 
repeater stations, will, since they are normally equivalent 
to small capacitances bridged across the ends of the coaxial 
tail cables, give a true reading for the resistive component 
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of the end impedance at the tail cables. Comparison 
between these end impedances and those obtained at the 
turning manhole, outside the repeater station, during the 
sling tests will indicate how well the tail cable and leading- 
in cable cores match up with the impedance of those of the 
adjoining main cable. With the time-base range adjusted 
to 100 yards per cm., the complete oscillogram for a 6-mile 
length of core will be approximately 100 cm. long, i.e. 10 
frames on the tube graticule. When tested from both ends 
it will consist of 5 frames from each end, but with high 
quality 375 coaxial core there will not usually be any 
measurable reflections returning from beyond the third 
frame, i.e. from the cable more than 3,000 yards from the 
repeater station, because of the attenuation of the pulse. 
For acceptance test record purposes it should suffice to 
make copies of only the first 3 frames of the oscillogram. 
An example of the 3 frames obtained from one end of one 
of the coaxial cores in a repeater section of the London- 
Bristol television cable is given in Fig. 6. 
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Maintenance Testing and Fault Locating. 

The pulse echo test set is proving to be a very valuable 
instrument for maintenance tests and fault locating tests 
on coaxial cables in service, and it is now being used for 
these purposes by the British Post Office and by tele- 
communication Administrations abroad. 

Repeater section lengths of type 375 coaxial cores have 
been found to preserve their pulse oscillogram identity 
over long periods of time, providing that the cables have 
not been disturbed in any way. For maintenance tests 


the complete oscillograms for all the coaxial cores in a 
repeater section may be photographed or accurately copied 
and placed on record either when the cable first goes into 
service or at a time when it is known to be in good condition 
throughout its length. At any future times, either at 
fixed intervals or on occasions when it is suspected that the 
cable may have been disturbed by external agency, the 
pulse test may be repeated in a matter of a few minutes 
testing time. A careful comparison between the new oscil- 
lograms and the originals should then direct attention to 
any part of the cable route at which any significant change 
in the oscillograms has occurred, and it is believed that this 
comparative procedure will provide a worth-while contri- 
bution to the detection of incipient fault conditions. 
For locating faults—contacts or complete disconnection 

-good results are being obtained from simpler types of 
pulse echo test sets specifically designed for this limited 
purpose and in general only the expanded time base 
facilities of the present set give it a potential advantage in 
accuracy of location. For the detection of certain types of 
intermittent faults the long range sensitivity of the set may 
give it a decisive advantage. With the 0-2 microsecond 
pulse a series resistance fault of 0-5 ohms or a shunt fault 
of 10,000 ohms at a point 5,000 yards from the test end of a 
type 375 coaxial will yield a measurable reflection of about 
5 mm. amplitude, and if the fault is intermittent the flick- 
ering of the reflection will identify it without ambiguity. 

When a faulty length of a coaxial cable has to be with- 
drawn and replaced it may be necessary to check that the 
cores in the replacement length have impedances which will 
match up reasonably well with the cores on the good sides 
of the two points where the cable has been cut. The pulse 
end impedance test gives the appropriate data and it can be 
done quickly and conveniently at any roadside location. 
To facilitate such emergency operations a record may be 
kept of the end impedances of the cores in all reserve lengths 
of cable held in store for repair purposes 
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“Electrical Engineering Design Manual.”’ 
(Revised). S. Parker Smith, C.B.E., D.Sc., A.M.I.C.E., 


Second Edition 


M.I.E.E., and M. G. Say, Ph.D., M.Sc., M.I.E.E 
F.R.S.E. Chapman & Hall. 259 pp. 127 ill. 16s. 

This book, first published in 1934, sets out to give students a 
concise introduction to the principles (particularly electrical) on 
which ‘“‘heavy”’ electrical engineering design is based. 

Part I is devoted to general principles of machine design 
specifications, cooling, magnetic circuits, armature windings, 
synchronous machines, transformers, and D.C. machines 
Part II deals with other subjects which are suitable for 
inclusion in a drawing-office course, viz. speed-time curves and 
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energy consumption, harmonic analysis, field plotting (in- 
cluding solution by the relaxation method) and electrical 
transmission. 

The revisions effected in the second edition are of a minor 
nature, apart from the addition of the chapters on field 
plotting and electrical transmission. 

Although the book is intended for students, it would 
probably be useful to those practising general power engineers 
who are not concerned with detailed design of power plant, 
but, being responsible for performance specification and 
acceptance of plant, from time to time need to refresh their 
knowledge of the electrical design principles involved. 
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Part 2.—Circuit Operation 
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Part 1 of this article explained that the experimental director comprises two groups of equipment, the registers, which are individual, 
and the translator which may be common to many registers. Part 2 describes the complete circuit operation in general terms, the 
detailed operation of various elements having been described in Part 1. 


GENERAL PRINCIPLES 

HE register, like a standard director, is connected 

to an outlet from a level of A-digit selectors and is 

designed to receive and store the B and C code 
digits and the four numerical digits dialled by a subscriber. 
It obtains the translation for the BC code from a translator 
which is common to all registers connected to one level of 
the A-digit selectors, but, to avoid providing equipment in 
the register to store the translation digits, or components, 
the register is designed to handle the translation digits one 
at a time. Thus, when a register has received the code 
digits of a call, the first component of the translation is 
obtained from the translator and the register sends this 
digit. After sending the digit the standard inter-train 
pause of 800 milliseconds must be observed to permit 
selectors to search and switch before another digit is sent. 
This period is used by the register to obtain the second 
component of the translation from the translator. The 
remaining components of the translation are similarly 
obtained, one at a time, during the preceding inter-frain 
pause. 

The translator does not handle calls individually, but 
offers each component of each translation, one after the 
other, cyclically, to every register. A register requiring 
translation information must observe these signals and 
detect the item it requires. The translator operates at a 
speed such that 48 working codes (spare codes need not be 
signalled) can be dealt with in less than 600 milliseconds. 
Registers can observe signals at this speed but they need a 
few milliseconds delay between detecting a required item 
and accepting the actual information. This delay is pro- 
vided by arranging the register to pass a ‘‘demand”’ signal 
to the translator when a required item is detected. On 
receipt of a demand signal the translator pauses, signals the 
information demanded and then returns to the routine of 
offering each item at high speed. 


Signalling Between Registers and Translator 


Forty-six common wires connect the translator with 
every register. Signalling is achieved by means of square 
waveform pulses which have an amplitude of about 45V, a 
duration of about 200 microseconds and are derived trom 
a supply source of 1,440 c/s. Pulses of this frequency are 
used in groups of 16, each group forming a cycle of 11-1 
milliseconds, i.e. 90 such cycles per second, and these pulses 
are signalled via the common wires to all registers, the 
particular wires used depending on the information being 
transmitted. 

The first pulse of a cycle is signalled via one of the 
common wires, to indicate to each register that a new cycle 
is commencing. The second pulse is switched to one of 
ten common wires according to the value of the B digit of 
the code being offered by the translator. The third pulse is 
switched to one of another ten common wires according to 
the value of the C digit of the code being offered by the 
translator. Pulses four to ten are signalled, one after the 
other, via seven more common wires to offer each of the 
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possible components of the translation. (The experimental 
equipment is designed to deal with a translation of seven 
digits, or components, whereas the standard director can 
deal with a maximum of six components.) 

If no register demands an item the eleventh pulse is used 
by the translator to change the code being offered, ready 
for the next cycle, and pulses 12 to 16 give time for the 
changeover to occur. 

One of the common wires is used to pass the demand 
signal which is given by a register as soon as it detects the 
appropriate translation component offering pulse. (This 
can occur on any of the pulses four to ten already described.) 
rhe translator does not offer any further translation com- 
ponents during this cycle and pulse sixteen is switched to 
one of twelve common wires—ten of the wires being used to 
indicate a digit value and two wires to indicate D¢ 
(translation complete, commence sending numerical digits) 
or CO (translation complete, clear down without sending 
numerical digits). This information is recorded by the 
register, or registers which gave the demand signal. During 
the next cycle the code offered by the translator is un- 
changed but only the remaining components which were 
not offered during the previous cycle are now offered. 

Five of the common connections have not been described. 
One is the start wire, by means of which any register 
requiring translation information can apply a start signal 
to the translator. Three common connections are used by 
the translator to supply a three-phase 10 p.p.s. supply to 
the registers for sending and control purposes. The last 
common connection is used to signal the spare code pulse. 

As the operation of the register depends on its observing 
the sequence of signals sent out by the translator and 
sending a demand signal to the translator when this offers 
information that the register is waiting to use, the operation 
of the complete director can best be described by dealing 
first with the translator. 


THE TRANSLATOR 

Che translator equipment comprises three distinct 
sections, the main cycle, the component cycle and the code 
cycle. Hot-cathode valves are used for the main and com- 
ponent cycle equipments which operate continuously, but 
the code cycle equipment is almost entirely comprised of 
cold-cathode tubes and is only operated when a start signal 
is applied by a register. Fig. 10 is a block schematic diagram 
of the translator, showing the three sections, the operation 
of which are as follows. 


The Main Cycle. 

The translator is driven by a multi-vibrator operating 
at a speed of 1,440 c/s and providing two outputs which 
form a two-phase supply. The two outputs are connected 
to pulse shapers PS] and PS2 and each time the multi- 
vibrator switches, it triggers one of these pulse shapers. 
Che pulse shapers produce a square-shaped pulse, having 
a duration of about 200 microseconds. The main distributor 
is a sixteen-position ring counter (formed by a four-stage 
binary circuit). Four positions are used for switching 
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purposes; the other twelve positions nreastre off a time 
interval which is used by the rest of the equipment. The 
distributor is stepped continuously by phase | of the 
1,440 p.p.s. supply and therefore the main cycle is regular, 
repeating at 90 cycles per second. 

Che sequence of each main cycle may be described thus: 
Phase | pulse steps distributor to position 16; gate 4 
Phase 2 pulse passes through gate 4 to form 

component pulse. 

Phase | pulse steps distributor to position 1; gate 4 
gate | opens. 

Phase 2 pulse passes through gate | to form the reset 

Phase | pulse steps distributor to position 2; gate | 
gate 2 opens. 

Phase 2 pulse passes through gate 2 to form the B code 
pulse. 

Phase | pulse steps distributor to position 3; gate 2 
gate 3 opens. 

Phase 2 pulse passes through gate 3 to form the 
offer pulse. 

Phase | pulse steps distributor to position 4, gate 3 

Further phase 2 pulses have no effect until phase 1 
step the distributor on to position 16; the sequence 
described then repeats. Of the four pulses described, only 
the reset pulse is directly connected tothe translator output. 

The 10 p .p.s. circuit is also shown in the main cycle 
section of Fig. 10. Fhe 90 p.p.s. component send pulse 
connected to a ring-of-three counter which provides an 
output signal of 30 p.p.s. This is connected to another 
ring-of-three counter from which an output is taken from 
each of the three valves, so producing a_ three-phase 
10 p.p.s. supply. Three pulse shapers are used to produce 
square shaped pulses having a duration of about 200 micro 
seconds and an amplitude of about 45V, which are signalled 
to all registers 
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DIAGRAM OF TRANSLATOR EQUIPMENT. 


The Component Cycle. 

The component distributor is an eight-position ring 
counter (formed by a three-stage binary circuit) and seven 
of the eight positions are used for switching purposes. 
Component cycle operations are controlled by the “Offer 
lrigger,’’ a two-position trigger (Fig. 7(d), Part i) which is 
operated, or switched on, during every main cycle by the 
C code offer pulse. The restoration, or switching off, of the 
trigger is not regular because it may be switched off by a 
demand signal from registers; thus, the component cycle 
is not regular but is varied by demand signals. When the 
offer trigger is switched on it operates gates 5 to 20. Gates 
5 and 6 in opening connect the 1,440 p.p.s. two-phase 
supply to the component distributor and its associated 
gates so that phase 2 pulses are distributed via gates 
21 to 27 in the same way as the main distributor distributed 
phase 2 pulses via gates 1 to 4. When one pulse has been 

27 (and then via gates 7 to 


signalled via each of gates 21 to 27 | 
13 to the register) the component distributor steps to 
position 8 and in so doing triggers pulse shaper PS3. This 
pulse shaper produces the ‘‘code step pulse” which marks 
the end of the component cycle. This pulse switches off the 
offer trigger which results in gates 5 to 20 restoring to their 
normal condition. No further action takes place until the 
offer trigger is switched on during the next main cycle. It 
should be noted that in this no-demand sequence the 
component cycle is contained within one main cycle; also, 
because the component distributor is in position 8 when 
the offer trigger is switched off, none of the gates 21 to 27 
left open and therefore the send component pulse, 
arriving at the end of the main cycle, finds no outlet and is 
ineffective. 

If a demand signal is received by the translator in response 
to one of the seven component offer pulses, this signal 


opens gate 28 and results in the offer trigger being switched 
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off by the end of the component offer pulse. The offer trigger 
restores gates 5 to 20 to normal. Gates 5 and 6 stop the 
component cycle and the distributor is left off-normal 
indicating which component has been demanded. When the 
component send pulse arrives at the end of the main cycle 
it passes through one of the gates 21 to 27, according to the 
component demanded, and then via one of gates 14 to 20 
(all of which are open) to the code cycle equipment. During 
the following main-cycle the component distributor will 
continue from where it was stopped and therefore only the 
remaining component offer pulses will be signalled. From 
the foregoing it can be seen that during every component 
cycle the seven components are each offered once only, 
followed by a code step pulse; every demand (simultaneous 
demands are treated as though they were a single demand 
extends the component cycle into an additional main cycle 


The Code Cycle. 

[he code distributor comprises 48 cold-cathode triode 
tubes connected to form a one-up ring counter (Fig. 4, 
Part 1). Normally the code distributor is inoperative but 
when any register applies a start signal the H.T. supply is 
switched on and a particular tube is struck. Each of the 
48 tubes controlsone BC code and the associated translation. 
An output connection from each tube is used to control 
several cold-cathode diode gates (Fig. 5a, Part 1) and one 
typical connection is shown in the code cycle section of 
Fig. 10. Several hundred of these cold-cathode diode gates 
are provided and all will be shut except those controlled by 
the one distributor tube which is conducting. Gates 29 and 
30 are permanently connected to the controlling tube in 
the distributor and each tube in the distributor is perma- 
nently connected to two similar gates, thus there are 48 
gates similar to gate 29, and 48 gates similar to gate 30 
rhe number of components in a translation can vary from 
two to seven but because the average number is about 4°5 
it has been arranged that 240 gates are provided and are 
made available for use by any tube in the distributor 
Gates 31 to 36 represent this group of 240 gates and in 
Fig. 10 four gates are shown strapped as a typical translation 
whilst two gates are shown spare 

It has already been explained that the second pulse of 
each main cycle is the B code offer pulse. This pulse is 
connected to each of the 48 gates represented by gate 29 in 
Fig. 10. As long as a start signal is applied, one of thes 
gates will be open according to the distributor tube which 1 
conducting. The B code offer pulse passes through this 
gate and is connected to one of 10 terminals according to 
the value of the B digit of the code to be signalled The 
output of many gates may be connected to the same ter 
minal without interference but, because the pulse is some 
what distorted after passing through a cold-cathode diode 
gate, it is only used to trigger a puise shaper which re-forms 
the pulse for transmission to the registers. Similarly, the 
third pulse of each main cycle is connected to 48 gates 
represented by gate 30 in Fig. 10, and is signalled to all 
registers on one of another 10 wires to indicate the value 
of the C digit of the code to be signalled. When a demand 
has been made by a register, pulse 16 of the main cycle ts 
signalled on one of the seven component send wires 
according to the component demanded. The component 
send wires are strapped to as many gates as are required by 
the various translations but only one gate connected to 
each component send wire can be open at a time. Thus thr 
component send pulse passes through the appropriate gat 
and is signalled to all registers on one of 12 wires according 
to the connections on the translation field. Fig. 10 shows 
the connections to translate code 94 into 520 and Dé 
The component following tixe last translation digit must be 
connected to DC or CO except when the translation is a 


seven-digit number when the register will automatically 
proceed to the DC condition. At the end of each component 
cycle a code step pulse is signalled to the code distributor. 
Chis steps the distributor to the next position so that a 
different code is signalled during the next cycle. 

It is not necessary to wire up translations for all 48 tubes 
in the code distributor; tubes not wired will be ineffective 
If a large proportion of the tubes are not used, arrangements 
have been made for part of the distributor to be disconnected 
so that the number of effective tubes is reduced. Trans- 
lations may be altered whilst the equipment is operating 
although it is preferable to withdraw the equipment from 
service if large scale alterations are necessary. A new 
translation can be wired up in advance on a spare tube and 
will be ineffective so long as one of the code strappings 1s 
left unconnected. This is useful when a change of trans- 
lation occurs. At the changeover time it is only necessary 
to cut one strap of the old translation to put it out of service 
and to connect the remaining strap of the new translation 
to bring it into service, and this action is required on only 
one translation field. The old translation may be unwired 
later and the associated tube left spare. One of the 48 tubes 
in the code distributor is also used to open gate 37. This 
gate permits one code step pulse to be signalled to registers 
each time the distributor steps past that tube. Thes¢ 
pulses are used for spare code identification as described 
later. 


PHE REGISTER 
Che register will be described with the aid of a number ot 
block schematic diagrams. Each diagram will show the 
equipment required for different circuit functions, thus 
some items of equipment appear in more than one of the 
diagrams. 


Recording Digits Dialled Into the Register. 


Fig. 11 shows the equipment for this function. The line 
supervisory circuit (the equivalent of A, B and C relays in 
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i standard director) was described in Part 1 of this article. 
At the beginning of a call the equivalent of a B relay 
operates, and provides a signal to the H.T. switch. The 
H.T. switch is a hot-cathode valve circuit which provides 
an H.T. supply of 150V to all cold-cathode tube circuits in 
the register. While the register is idle the H.T. switch is off 
and therefore no cold-cathode tube can be in a conducting 
condition. When the H.T. is switched on, the sudden change 
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of potential is used to strike the starting tubes of the various 
counters in the register. Fig. 11 shows six counters which 
record the digits dialled, the B and C code digits and the 
four numerical digits. These -counters are 11-position, 
one-up counters (Fig. 4, Part 1). The first tube in each 
counter is the starting tube and is struck at the beginning 
of a call. The incoming digit distributor is a seven-position, 
one-up counter, and the cathode of the starting tube is 
connected to gate 1 so that when the starting tube is struck 
at the beginning of a call, gate 1 opens. The equivalent.of 
an A relay in the line supervisory circuit provides a pulse 
every time a ‘‘break”’ signal, or dial impulse, is detected. 
These pulses are connected to cold-cathode gates 1 to 6 and 
thus when the first digit is dialled, pulses pass through 
gate 1 which is open, and are counted by the B digit counter. 
At the end of each impulse train the equivalent of a C relay 
in the line supervisory circuit releases and in so doing 
provides a pulse tothe incoming digit distributor to step it. 
Thus, at the end of the first impulse train gate 1 is closed 
and gate 2 is opened. In this way the six digits are recorded 
by the six counters. When the last has been received, the 
incoming digit distributor steps to its seventh and final 
position so that none of the gates 1 to 6 is open. 


Obtaining Translation Information from the Translator. 
Fig. 12 shows the equipment for this function. The 
sequence control circuit is a cold-cathode counter which 
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controls each sending operation. The starting tube is struck 
from the incoming digit distributor as soon as the complete 
code has been received. The sender, another cold-cathode 
counter, has its starting, or normal, tube struck when the 
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register is seized. The coincidence recorder controls the 
translation function and consists of a hot-cathode valve 
counter which can count up to three pulses at a speed of 
1,440 p.p.s. During each pulse cycle from the translator the 
following operations occur :— 

(1) The reset pulse sets the coincidence recorder at 
normal. 

(2) The B code offer pulse from the translator is applied 
to one of ten cold-cathode diode gates according to the 
digit being signalled. If this digit is the same as the 
digit recorded in the B code counter then this gate 
will be open and the pulse will be passed to the coin- 
cidence recorder where it is counted. If the digit 
signalled is not the same as the digit recorded then the 
gate will be shut and nothing will happen. 

The C code offer pulse is signalled to ten more cold- 
cathode diode gates and again, if the digit signalled is 
the same as the digit recorded by the C code counter, 
then a pulse is counted by the coincidence recorder. 
The seven translation component offer pulses arrive 
one after the other and are applied to a further seven 
cold-cathode diode gates. A register requiring the 
first component of a translation will have the first of 
these seven gates open, controlled by tube T1 in the 
sequence control counter. When the appropriate 
component offer pulse arrives it will be passed to the 
coincidence recorder where it is counted. 

If the information being offered by the translator is not 
that which is required by the register then the coincidence 
recorder will not receive three pulses; it may receive one 
or two pulses but no more. When this happens no further 
action occurs until the beginning of the next pulse cycle 
when the reset pulse sets the coincidence recorder back to 
normal. If the information being offered by the translator 
is the item required by the register, then the coincidence 
recorder will receive three pulses. The receipt of the third 
pulse (the component offer pulse) causes the coincidence 
recorder to issue a demand signal to the translator via gate 7 
(which was opened when the sender normal tube was 
struck on seizure) and to give a signal (lasting until the next 
reset pulse) which opens twelve cold-cathode gates ready to 
accept the component value signal when it arrives. The 
translator then applies the last pulse of the cycle, pulse 16, 
to one of these twelve gates according to the value of the 
item being signalled. If the information is in respect of a 
digit to be sent, the pulse will strike one of ten tubes in the 
sender, according to the value of the digit. If the informa- 
tion is in respect of control signals DC or CO then the pulse 
will strike tube OD or tube RR of the sequence control 
counter. The former is the sequence which initiates 
numerical sending and the latter is the sequence which 
initiates cleardown. 

When a numerical digit is received, the normal tube in 
the sender is deionised by one of the other tubes striking. 
The sender normal circuit is connected to a trigger circuit, 
l (similar to the A trigger in the line supervisory circuit). 
When thé sender normal tube is deionised this trigger 
operates and provides a pulse to the sequence control 
counter which steps to the next position. It should be 
noted that, having received an item of translation informa- 
tion, the sequence control counter is positioned to “‘pre- 
select’ the next sequence which is required. When 
information is received in respect of a digit to be sent, the 
sender normal tube closes gate 7 and prevents the coinci- 
dence recorder from issuing a demand or opening the 12 
gates which accept component values, until the digit already 
held is sent. Each component of the translation is obtained 
in the same way as that already described and when all 
translation information is received either the OD or RR 
tube in the sequence control counter, will be left conducting. 





Control of Impulse Sending. 


The inter-train pause (I.T.P.) generator (Fig. 13) is a two- 
tube counter which is arranged so that its normal tube is 
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struck by a 10 p.p.s. phase | pulse, approximately 800 milli 
seconds after its off-normal tube is struck. The normal tube 
opens gate 9. When a digit is to be sent, one of the ten 
off-normal tubes in the sender is struck according to the 
digital value and the normal tube deionises. This opens 
gate 8 and permits 10 p.p.s. phase | pulses 
to pass via gates 8 and 9 to the 10 i.p.s. 
generator (Fig. 7 (d). Part 1). This trigger ole 

circuit is operated by 10 p.p.s, phase 1 LOOP 
pulses and restored to normal by 10 p.p.s hy 
phase 3 pulses, and therefore, when op- ~ 


+ 





equivalent of a C relay operates), tube X is struck when the 
third numerical digit starts to be received and tube Y is 
struck when the last numerical digit starts to be received. 
Tube Z is the last tube of the incoming distributor and is 
struck when the last numerical digit is fully received. As 
soon as the sender counter returns to normal after sending 
the last translation digit it opens gate 10. Gate 11 is opened 
by the sequence counter tube N1 and gate 12 is opened by 
tube W which ensures that the first numerical digit is not 
sent until the second numerical digit is being received (a 
facility of standard directors). When gates 10, 11 and 12 
are all open, 10 p.p.s. phase 1 pulses are applied to ten 
cold-cathode diode gates. One of these gates will be open 
according to the value of the first numerical digit, as 
indicated by the N1 counter, and a 10 p.p.s. phase 1 pulse 
passing through this gate will strike the appropriate tube 
in the sender. The sender in going off normal closes gate 10 
to disconnect further pulses. 

As already described, the sender in going off-normal 
operates trigger T which in turn applies a pulse to the 
sequence control counter to step it to the next tube, N2. 
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contacts of this relay provide 67 per cent. 





break pulses to the outgoing loop. At the 
beginning of the last impulse of a train the 
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further 10 p.p.s. phase 1 pulses reaching 
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of 67 milliseconds elapses before a 10 p.p.s. 
phase 3 pulse restores the 10i.p.s. generator 
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to normal. The sender in restoring to the 
normal position, strikes the I.T.P. gen- 
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erator off-normal tube and therefore for L 
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a period of 800 milliseconds gate 9 also” Fic. 14 
prevents 10 p.p.s. phase 1 pulses reaching 
the 10 i.p.s. generator, so ensuring an 
inter-train pause of 800 milliseconds. From the foregoing 
it will be seen that the sending of an impulse train follows 
automatically when the appropriate sender tube is struck 


Transfer of Numerical Information to the Sender 

Fig. 14 shows the equipment for this facility. The 
transfer of numerical information is preceded by tube OD 
in the sequence control counter striking at the end of 
translation sending. Tube OD operates relay OD via an 
amplifier valve and the contacts of this relay offer the D 
relay to the outgoing loop. If the D relay detects a reversal 
(C.C.1. coder busy condition) it will operate and prevent 
further action. If the D relay does not operate, or when it 
releases due to the C.C.I. reversal clearing, tube N1 is struck 
by a 10 p.p.s. phase I pulse via gates 19 and 20. W, X and Y 
are three cold-cathode triode tubes which are auxiliary to 
the incoming distributor and their function is to restrain 
the sending of numerical digits. Tube W is struck when the 
second numerical digit starts to be received (when the 
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NUMERICAL INFORMATION TO THE SENDER. 


When the first numerical digit has been sent the sender 
normal tube strikes and re-opens gate 10. Gate 11 is now 
shut but gate 13 is open. Gate 14 is controlled by tube X, 
again to prevent premature sending, and when gates 10, 
13 and 14 are all open the second numerical digit is trans- 
ferred to the sender via ten more cold-cathode diode gates 
Che transfer of the third and fourth numerical digits will be 
apparent from the above. When the fourth and last digit is 
transferred, the sequence control counter will be stepped to 
tube RR (which initiates cleardown). 

Gate 10 is a hot-cathode valve circuit ; gates 1] and 12 
re formed by a single cold-cathode tube as also are each 
pair of gates 13-14, 15-16 and 17-18. Gates 19 and 20, 
controlling the striker of tube Nl, are formed by small 
metal rectifiers. 


Control of Cleardown. 
In designing the electronic director it was decided to 
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simplify the signals given when clearing down. 





register does not imitate exactly the * 
standard director in this respect but, with 
one exception, only provides those signals 
which are required by the exchange equip- 
ment. The exception is the sending of the 
digit ‘‘O"" on a spare code call, a signal 


which is used by maintenance staff to 
identify spare code calls. FILTER [77 


END OFCALL PULSE D 
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co CIRCUIT 


Fig. 15 shows the equipment which 
controls cleardown, and operation is as 
follows : 

1. Normal Call. The signal to clear 
down is given by tube RR in the sequence 
control counter striking. This tube opens 
gate 21. Gate 10 is opened by the sender 
normal tube when the last digit is-sent and 
gate 22 is opened by the I.T.P. generator 
when the inter-train pause expires after the 
last digit. When these three gates are open, cold-cathode 
tube CO strikes from a 10 p.p.s. phase | pulse. Tube CO 
operates relay CO via an amplifier valve and the contacts of 
this relay disconnect the P-wire which results in relay K in 
the first code selector, releasing. The first code selector then 
releases the register. The register HT switch is switched off 
by the combination of two signals (a) CO tube operated and 
b) the “B relay” released. When this occurs the HI] 
switch disconnects the H.T. supply toall/cold-cathode tubes, 
including tube CO and therefore all tubes are deionised 
Relay CO in releasing restores the P-wire conditions 
permitting the register to be re-seized 

2. Premature cleardown. Yhe ‘‘B relay” in releasing 
provides a pulse which strikes tube CO (provided that relay 
D is normal), Cleardown then proceeds as for a normal call 
If the D relay is operated (C.C.I. reversal condition) when 
the “‘B relay” releases, then cold-cathode tube PU is struck 
instead of tube CO. Tube PU operates relay PU via an 
amplifier valve and the contacts of this relay open the out 
going loop to release a junction which may be held. A 
resistor-capacitor circuit between tube PU and cold-cathod 
tube M causes tube M to strike 800 milliseconds after tube 
PU strikes, thus allowing a junction guard period of 800 
milliseconds. Tube M operates relay M via an amplifiet 
valve and the contacts of this relay earth the FR-wire to 
operate re lay M in the first code selector A resistor 
capacitor circuit corinects tube M to tube CO and causes 
tube CO to strike 100 milliseconds after tube M strikes, thus 
illowing 100 milliseconds for relay M in the first code 
selector to operate. 
normal ( all. 


a Spare Code lube rl, in the sequence 
counter strikes and the register looks for the first component 
of the translation. The translator does not offer information 
about spare codes but each time information is offered 
in respect of all working codes, a spare code pulse is signalled 
Che first spare code pulse to arrive steps the sequence ¢ ontrol 
counter to tube SI. Tube SI still permits the register to 
look for the first component of a translation (Fig. 12 shows 
an additional gate controlled by tube SI for this purpose 
and should an item of information be detected the sequence 
control counter will be stepped to tube T2 as already 
described. However, in the case of a spare code no detection 
will occur and a second spare code pulse will be received 
his second pulse steps the sequence control counter to tubs 
S2 which is the spare code indication. Tube S2 opens gate 
23, gate 10 is already open and therefore a 10 p.p.s. phase | 
pulse will strike the sender 0 tube, resulting in the digit 0 
being sent. The trigger T, operated by the sender going 
off-normal, provides a pulse which steps the sequence control 
counter to tube $3. This closes gate 23 and opens gate 24. 
When the sender returns to normal after sending the digit 
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Cleardown then proceeds as for a 
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, gate LO reopens and a 10 p.p.s. phase | pulse strikes 
tube M via gate 24. Tube M operates relay M and cleardown 
1s completed as described for the previous case. 

4. Forced Release. The tube N is struck at the beginning 
of a call together with other starting tubes. Two hot- 
cathode valves are used to provide a delay of approxi- 
mately 40 seconds, after which, tube PU is struck and 
cleardown proceeds as described for premature cleardown 
from a C.C.I. reversal condition. The usual forced release 
cut-out key is provided on the equipment. 

Gates 21 and 22, which control the input to tube CO, are 
formed by miniature rectifiers. Gates 23 and 24 are formed 
by the resistor-capacitor combination on the strikers of the 
sender © tube and the tube M respectively. 


AND PROTECTION 

Because the experimental equipment was developed 
purely for a field trial, no great importance was attached to 
space, and the racks, for convenience, are only 6 ft. 6 in. 
high. Fig. 16 shows that the experimental equipment is 
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built up from a number of sub-assemblies. Each sub- 
assembly is housed in a metal tray and these are mounted 
on the rack so that each can be withdrawn to obtain access 
to the components and tags. This arrangement assists in 
guarding the power supplies which range from LOOV to 

230V and because of these shrouded type 
alarm fuses have been used. It is also necessary to protect 
heater wiring from fusing as a result of short circuit faults ; 
but in order to avoid using heavy 
valveholder tags, and because ordinary fusing is difficult 
(heaters can draw four or five times their rated current 
whilst warming up) the problem has been solved by 
employing constant voltage L.T. transformers 
self-limiting maximum current output 

A colour code has been used not only to indicats 
such as H.T. supplies, inter-connection leads, etc., but also 
to designate valve electrodes. This facilitates recognition 
ind has proved as valuable as colour-coded resistors during 
the construction and testing stages of this equipment 

Kach register incorporates 24 hot-cathode valves 
cold-cathode triode tubes and 94 cold-cathode diode 
Power consumption is about 55 watts when idle and 
65 watts during a call. 
is illustrated in Fig. 16. 

rhe translator incorporates 134 hot-cathode valves, 48 
cold-cathode triode tubes and 336 cold-cathode diode tubes 
Power consumption is about 260 watts, nearly all of which 
s absorbed by the hot-cathode valve heaters. The equip- 
ment is mounted on on wide an 
6 ft. 6 in. high 


voltages 


gauge conductors on 


with a 


leads 


119 
tubes 
ibout 
Two registers are mounted per rack 


rack which is 19 


CONCLUSIONS 

During the past two years the experimental equipment 
has been tested, demonstrated and prepared for field trial 
Demonstrations have been given to many interested parties 
and because of the wide interest shown 
continued for several months. Experience already gained it 
operating the equipment shows that circuit 
employing cold-cathode tubes have so far pro 
reliable than elements employing hot-cathode valves 
However, detailed information about questions suc is 
reliability and maintenance problems can only be obtaine 
from the field trial and results are 
Six registers and one translator are being 
London exchange, where they will handle all 
level of the A digit selectors 
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Second 


does favour 


machines 


on the 


imitate the standard director. This does not represent the 
most economic way of applying electronic techniques to the 
design of register-translators because alternative circuit 
arrangements can be more efficient, particularly if all three 
digits of the code are handled by the register. Recent 
developments in the miniaturisation of components, 
particularly cold-cathode tubes, permit a reduction in the 
size and cost of the various elements. This leads to the 


conclusion that any attempt to develop an electronic 
register-translator 
different 


as a standard item would result in a 
and a considerable reduction in size and 
cost compared with the existing experimental equipment. 
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CIPLE OF CONST 
COMPONENTS 


Fig. 17 illustrates a construction principle which takes 
full advantage of the miniaturisation of components. This 
compact block of equipment takes the form of a “‘book”’ 
which can be opened at any “‘leaf’’ to give Each leaf 
is a sub-assembly, and the sub-assemblies can be inter 


connected by short direct leads 


access. 
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The Growth and Properties of Cathode 


Interface Layers in Receiving Valves 


U.D.C. 621.3.032.216.2 


M. R. CHILD, a.m.iee.t 


An interface layer tends to grow between the barium strontium oxide matrix and the nickel core of conventional thermionic valves. 
Some of the characteristics of these layers have been investigated and are described in the present article. 


Introduction. 


HE life testing of thermionic valves has been under- 
taken by the Post Office Engineering Department 
for many years. The main object of this work has in 
the past been assessment of quality of a valve type, but of 
recent years emphasis has changed and is now concentrated 
largely on discovering the principal factors which limit life 
span. It has been found! that commercial receiving valves 
fail in general from two primary causes—deterioration of 
the cathode by residual gas action and the growth of a 
resistive interface between the cathode matrix and its 
supporting core. Both causes are normally present in 
commercial valves although the presence of one frequently 
masks the effect of the other. Gas deactivation of the 
cathode shows up as an inadequacy of emission to meet the 
space-charge requirements; interface resistance as a reduc- 
tion of mutual conductance by negative feedback. The 
present article deals with some aspects of the interface 
resistance growth. 


Formation of Silicate Interface Layers. 

rhe precise chemical reaction which gives rise to the 
interface layer cannot be stated with certainty. There is 
little doubt, though, that its formation is dependent upon 
the impurities which are present in most nickel cores to 
assist in the activation of the matrix. One of these im- 
purities, namely silicon, reacts with the barium oxide in 
the following manner:— 

Si + 4BaO-— Ba, Si O, + 2 Ba 

rhe barium orthosilicate forms as a hard compact layer 
of a few microns thickness between core and matrix. Its 
behaviour is that of a semi-conductor and the equation 
above indicates the probability of barium being the 
activator. 

Extensive measurements have shown that the resistance 
of the interface at the beginning of the valve’s life is very 
low (less than 1 ohm/sq. cm.), and that in certain circum- 
stances this resistance may grow as high as 50 ohms or more 
in a few thousand hours. Microscopic examination of the 
interface layer of valves which have run for 10,000 hours or 
more seems to indicate that the physical thickness of the 
layer does not increase to any great extent with time. The 
rise of resistance is ascribed to an increase in the specific 
resistivity of the layer rather than to its physical growth; 
in short, the resistance growth is regarded as a deactivation 
phenomenon of a semi-conductor. 

Because of the extreme thinness of the interface layer a 
considerable capacitance exists as a shunt across the 
resistance, and the effect of the interface layer on valve 
performance is analogous with that of a bias resistor and 
shunt capacitor inserted in the cathode lead. 


Effect of Interface on Valve Performance. 

The presence of a resistor and shunt capacitor in the 
cathode circuit of a valve gives rise to negative feedback and 
hence to a reduction in effective mutual conductance at a 
given current, in accordance with the well-known equation : 
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om ___& mo as 
1 + gue Za 

Where g,, and g,,. are the mutual conductances with and 
without feedback, Z is the feedback impedance (in this 
case the interface) and « is the ratio cathode current/anode 
current. 

The presence of the capacitor makes the feedback 
impedance, and hence the mutual conductance, frequency- 
dependent up to about 107 c/s. Above this frequency the 
capacitative reactance rarely exceeds 1 ohm and the 
mutual conductance is no longer affected by the interface. 
The importance of this frequency-dependent characteristic 
in the design of wide-band amplifiers will be obvious. 
Furthermore, the appreciable negative temperature co- 
efficient associated with the interface resistance degrades 
the mutual conductance/heater supply characteristic and 
may cause trouble in stable amplifier design. 

A valve is commonly considered to have reached the end 
of its useful life when the mutual conductance falls to 
70 per cent. of its original value. A high slope pentode (e.g. 
CV 138) operating at a low frequency, with a nominal 
mutual conductance of 7-0 mA/V, will continue to function 
satisfactorily until Rx reaches the value of 61 ohms, 
provided the mutual conductanceis not being simultaneously 
affected by other causes. (R is interface resistance in ohms.) 

At first sight it would appear that interface resistance is 
of no consequence in high-frequency applications. This is 
only true provided the cathode current is maintained con- 
stant, since the growth of resistance will normally cause a 
reduction in the operating cathode current and hence a fall 
in mutual conductance. 

It will be obvious, of course, that the rate of interface 
resistance growth is inversely proportional to the cathode 
area and a valve with half the cathode wattage of the 
CV 138 will probably “grow’’ resistance at twice the rate 
of the CV 138. This clearly sets a problem in miniaturisa- 
tion. 


Properties of the Interface. 

Resistance/Temperature Characteristic of the Interface. 
The interface resistances of a number of valves have been 
measured at various cathode temperatures and a straight 
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Fic. 1.—RESISTANCE/TEMPERATURE RELATIONSHIP FOR A TYPICAL 
INTERFACE. 





line relationship has been found between the log of the 
resistance and the reciprocal of the temperature. A typical 
plot is shown in Fig. 1. This resistance/temperature 
relationship is characteristic of semi-conductors, and the 
activation energies associated with the interface layers are 
similar to those of the barium strontium oxide matrix. 

At a temperature of 1,000°K the resistance of the cathode 
matrix is usually in the range 2-20 ohms. Similar values 
of resistance are frequently associated with interface layers 
which are only 1/50th-1/100th of the thickness of the 
matrix and it seems probable that, in these circumstances, 
the concentration of impurity centres in the matrix is 50- 
100 times as great as in the interface layer. The presence 
of interface layers of similar thickness, but of negligible 
resistance in new valves, suggests that the concentration of 
impurity centres is much higher in newly formed interfaces. 
This evidence supports the suggestion made above that the 
growth of interface resistance is principally a deactivating 
process, 

Effect of Temperature on Rate of Growth of Interface 
Resistance. A certain randomness about the growth of 
interface resistance of commercial valves, coupled with 
observed differences of cathode temperature has led to a 
carefully controlled investigation into the effect of cathode 
temperature on the rate of growth of interface resistance. 
The valves used for this work were high slope pentodes 
similar to the CV 138 and made by the Post Office for 
experimental purposes. A typical nickel containing 0-05 
per cent. magnesium and 0-05 per cent. silicon was used for 
all the cathode sleeves. Care was taken to ensure that all 
the components were subjected to the same treatment before 
assembly, and the valves themselves were pumped and 
processed in identical fashion. 

Batches of these valves were run on the life-test racks 
with V, V go 250V and 7, 8 mA, and with heater 
voltages of 4-5, 5-0, 5-5, 6-0, 6-5 and 7-0V. 

Despite a spread of results within batches, it was very 
noticeable that the interface resistance developed more 
rapidly at high heater voltages. Fig. 2 shows the average 
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Fic. 2.—-GROWTH OF INTERFACE RESISTANCE AT VARIOUS CATHODE 
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value of interface resistance for the different heater voltages 
as a function of time, and Fig. 3 indicates an exponential 
relationship between the growth of interface resistance and 
temperature at least during the early stages of the valve’s 
life. In a recent publication, Eaglesfield? has examined the 


“4 Eagle sfield, C. C. Life of Valves with Oxide-Coated Cathodes. 
Electrical Communication. Vol. 28, No. 2, June 1951 
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cause of failure of a number of types of valves and has 
come to the conclusion that interface resistance increases 
up toa certain limiting value and thereafter shows no change 
with time. 

Effect of Silicon Concentration on Rate of Growth of 
Interface Resistance. The nickel commonly used for com- 
mercial valves contains about 0-05 per cent. silicon. A 
batch of experimental valves was made up with a nickel 
core material containing only about 0 -005 per cent. silicon. 
Tests on these valves showed that the rate of interface 
resistance growth was on the average only 4th that of the 
valves with the conventional silicon content. It appears, 
therefore, that the silicon concentration is one of the 
determining factors of rate of resistance growth. 


Effect of Cathode Current on Rate of Growth of Interface 
Resistance. It has gradually become realised amongst valve 
users that damage is caused to the valve by running it in 
the cut-off state, i.e. with zero cathode current. It now 
seems that this may be due to some action occurring at the 
interface which requires the passage of current in certain 
circumstances to maintain its activation level. The 
phenomenon has been quantitatively examined on some 
experimental pentodes with the following results which 
average over 16 samples. 


rABLE 1 





Cathode Current 25 mA Cathode Current 4 mA 
@ 500 Hrs @ 1,000 Hrs. @ 500 Hrs @ 1,000 Hrs 
R 8 R= 15 } R R=35 





Where R is the interface resistance in ohms 


Experience on Commercial CV 138 Valves. 


An extensive study has been made on the rate of growth 
of resistive interface on samples of the CV 138. Valves 
were drawn from various manufacturing sources and allowed 
to age under similar circuit conditions. The results of a 
4,000-hour test run are shown in Fig. 4. The variation 
between manufacturing groups is interesting, particularly 
as measurements of cathode silicon content of all groups 
were found to be of comparable magnitude. It seems, 
therefore, that manufacturing conditions themselves are a 
powerful factor influencing the rate of growth. This point, 
has interest, as it demonstrates the possibility of processing 
valves in such a way that the interfaces do not become 
deactivated during a reasonable life span. 

It should be mentioned that another batch of valves from 
manufacturer ‘‘A”’ has shown a very slow rate of interface 
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Book Reviews 

“Transformers. Their Principles and Design for Light 
Electrical Engineers.’’ F. C. Connelly, Ph.D., A.M.I.E.E 
A.R.C.S., DLC. Pitman. 490 pp. 179 ill. 35s. 

From the title the communication engineer might reasonably 
issume that this book contains a good deal of information on 
ommunication transformers, but, in fact, it is concerned with 
these only in so far as they are used in broadcast and television 
receivers, In this application, the precision required is sub- 
stantially less than that necessary for line communication 
with its multiplicity of amplifiers and frequency-changing 
quipment. Most of the book is concerned with basic trans 
former theory and the design of power-frequency transformers 
largely with an eye on the broadcast receiver. lRadio- and 
carrier-frequency transformers (other than line scanning units 
pulse transformers and other wide-band applications are not 

msidered 

In the field of small power transformers of all types, the 
ook contains a great deal of useful practical information and 
know-how,”’ the prime concern being with transformers as 
such rather than with magnetic materials used in the cores 
here are substantially no performance or design data at 
frequencies other than power frequencies, although such data 
for audio-frequencies at least, might reasonably have been 
expected in a work of this magnitude. The treatment of 
ivailable magnetic materials is rather sketchy and the data 
iven are full of inconsistencies, such as are so commonly 
found in publications on this subject. As an example, Fig. 158 
ives harmonic distortion curves for Mumetal 
vritten with a hyphen) and Permalloy C. Now, when these 
urves were taken—the reference is dated 1938—-the two 
loys were different in that Mumetal contained no 
molybdenum and had a resistivity of only 42 microhm-cms 
against 60 for Permalloy C ; to-day thev are almost indis 
tinguishable when properly processed. Again, Table XV gives 
almost identical compositions for the two alloys, with losses 

the ratio of 2: 1 at 50 c/s. Incidentally, there are several 

rences to the “‘recently introduced” nickel irons since 

ese have been in use in telephone transmission equipment for 

ihout 25 years, this serves to underline the differences in the 
two fields of application. 

The equivalent circuit of the transformer is developed in 
vasy stages to a point which is adequate for power frequencies 
but which will hardly satisfy the more exacting requirements 

f the communication engineer. From the point of view of the 
tudent, the author has been none too careful in the matter 0 
nomenclature, e.g. in references to inductances and capacitance: 
i phy sical t 


sometimes 


objects and, more seriously, in the use of the 
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resistance growth. This seems to indicate that the growth 
is due in part to a fortuitous occurrence which may happen 
in any valve batch and it will only be eliminated when its 
cause is identified and removed. 


Method of Measurement. 

The interface resistances quoted in this paper were 
obtained by measuring the valve gain at two suitably 
spaced frequencies. Details of the method were given in a 
recent publication. 


Conclusions. 

Some of the factors affecting the growth of interface 
resistance in modern oxide-coated receiving valves have 
been investigated. The physical presence of the interface 
is accepted as inevitable in all valves employing nickel 
cathode sleeves which contain silicon. The resistance of 
the interface is thought to be due to a deactivating process 
and there is evidence to show that it can be controlled to 
some extent by the current density, the temperature of the 
cathode during life, and possibly by manufacturing pro- 


cesses 


deprecated term ‘“‘frequency distortion’’ for ‘attenuation 
distortion’’ (vide B.S. 204). 

On the subject of small transformers and especially in their 
applications to communications, there is a vast amount which 
can be written, so perhaps it is natural that the shortcomings 
of this book should obtrude and detract from the merit of the 
subject matter generally. A great deal of information is 
assembled under one cover for the first time and, even if much 
has been omitted, there is still a great deal which is very 
useful. In your reviewer's opinion, it would have been better 
to have confined this volume to small power transformers and 
left a more comprehensive treatment of communication 
transformers to a companion volume R. J. H 


‘Plastics Progress.’’ Published by Iliffe for ‘British Plastics.”’ 
310 pp 50s 

Chis book contains the papers presented and the discussions 
at the British Plastics Convention, 1951. 

The reviewer was unfortunately prevented from attending 
the convention, and this volume makes clear how much he 
missed. It is a record of the progress of the British Plastics 
Industry, and the papers reveal the breadth of the field now 
coyered. The emphasis throughout is practical, and many 
problems of interest to the telephone engineer are discussed. 
To pick out a few ofthe papers: Some Aspects of Solid Polymers 
of Ethylene (Swallow); Principles of Formulation of P.V.C. 
Compounds (Jones); Terylene (Renfrew); Fundamentals and 
Applications of Adhesives (de Bruyne); and Plastics in Electrical 
Engineering for the Automobile Industry (Tomkins). There are 
also sections on Plastics in Surgery and Medicine, Packaging 
and Architecture. 

‘Plastics Progress’’ should interest everyone who wishes to 
keep himself abreast of progress in this field; it is easy reading 
and each paper is short enough to be digested in one session. 
Its importance, however, lies in the amount of information, 
from unimpeachable sources, which it makes available to 
chemists and engineers. To the reviewer it is especially 
pleasing since several of the papers are by the actual pioneers 
of the field, some of whose work he was privileged to see in its 
early stages some 15 years ago. How far we have come since 
then ! 

The only point found to criticise is the failure, on the part of 
the author and those discussing the matter, to point out that 
acrylic lights introduce a fire hazard—perhaps this is so obvious 
that it needs no reference 

The book is well produced and illustrated; it is recommended 
to all those interested in plastics C.5. 2 





Electronic Equipment for Signalling 


System A.C. No. | 


Part 2—The Oscillator No. 26 
U.D.C 621.396.615: 621.394.441 


J. R. TILLMAN, pPh.b., a.r.c.s.F 


For 2 V.F. signalling and 4 V.F. keysending systems tone supplies are required to be constant in frequency within a small tolerance; the 
existing machine ‘installations working from A.C. mains frequently cannot meet this condition because of mains frequency variations. A 


new oscillator has, therefore, been designed to provide the required frequencies (one per oscillator) to within 


0:3 per cent. of their 


nominal values. 


Introduction. 
URING the past five years 





or more, the frequency of the 














A.C. mains supply has been, 
for very many periods of several 
hours, largely outside the limits 49 
and 51 c/s; moreover, the prospects 
of the frequency becoming con- 
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tinuously closely controlled are not 
yet bright. The machine installations 
supplying tones for the2 V.F. trunk 
line signalling system (now known 
as Signalling System A.C. No. | 
and for the 4 V.F. keysending 
system are not, therefore, able to 








vi (Cv 1968) 


4 















































work as intended, i.e. with the 
synchronous A.C. machines supply- 
ing the tones (each at a multiple of 
the mains frequency) for very 
nearly all the time. The standby 
machine at each installation is driven 
by D.C. from the exchange battery and is governot 
controlled; it is provided for use only when the A.C. machine 
is being serviced or for the occasion, originally very rare, 
when the mains frequency departs from its nominal by 
more than about 1 per cent. The governor-controlled 
machines are not intended for prolonged use; although they 
stood that use better than might have been expected during 
the winter of 1947, following on many periods of continuous 
use during the war, the danger of serious interruption of 
useful tone supplies was never sufficiently remote. 

Valve oscillators (one for frequency) offered a 
solution to the problem of securing greater constancy of 
frequency of the tones; they were accordingly designed and 
have already replaced the mains-driven machines at some 
2 V.F. centres. Some early models were known as the 
Oscillator No. 25; the model now being produced has one or 
two refinements added, is known as the Oscillator No. 26 
and is now described. 


each 


Requirements. 

The oscillators and their power supplies must be 
accommodated on the racks on which the generators are at 
present mounted and be capable of working as far as possible 
with the existing changeover and alarm arrangements. The 
oscillator must work satisfactorily in the face of all likely 
variations of frequency and voltage of the A.C. mains, from 
which it must be energised by means of a power unit. 

The frequencies to be supplied are 500 c/s, 600 c/s, 
750 c/s and 900 c/s, and each should be maintained within 
0-3 per cent. of its nominal value. The output at each 
frequency must be 20V +1V R.MLS. at all loadings between 
0 and 4W. 

The oscillators supplying 600 c/s and 750 c/s are required 
at all 2 V.F. centres; in addition, that supplying 900 c/s is 
required for testing purposes at most. All four frequencies 
are required only for the 4 V.F. keysending system 

















Pune Circuir oF OSCILLATOR 


Crrcuit DESCRIPTION AND COMPONENT DETAILS 


rhe equipment consists of a power unit whichgan feed up 
to four oscillators and two, three or four oscillators. The 
power unit is largely conventional; it supplies up to 8A at 
6-3V A.C., up to 350 mA at 300V D.C. and up to 20 mA at 
the running voltage (115-123 V) of a stabiliser type CV 1731. 
Its performance, and hence that of the oscillators, 1s 
sufficiently independent of changes of 10 per cent. in the 
mains frequency 


The Oscillators 


Each oscillator consists of an oscillatory circuit and a 
power, or output, amplifier (see Fig. 1) 

rhe oscillatory circuit has been dealt with theoretically 
elsewhere.! It consists of a simple two-stage amplifier, using 
one double triode (CV 1988) with negative feedback 
stabilising its gain, and a regenerative coupling from output 
to input incorporating the discriminating or frequency 
determining elements. The stabilised high-tension supply 
feeds the anode circuit of the second stage, that of VIB, and 
determines the peak-to-peak magnitude of the waveform 
appearing at the anode of VIB. The waveform is far from 
sinusoidal for V1B is the amplitude limiter of the oscillator 
the waveform derived from it appearing across the resonant 
circuit is not only much more nearly sinusoidal (the 
harmonic content being less than 1 per cent.), but is equally 
stabilised in magnitude (being about 10V R.M.S.). 

Che resonant circuit consists of the inductor L1, which has 
the same value irrespective of the frequency required, and 
the capacitor Cl, whose value is chosen for the frequency 
required. L] is wound on a toroidal dust-core and has a 
temperature coefficient of from 100-200 parts per 10® °C. 
C1 is made of silvered mica plates and is unlikely to have a 

+ Principal Scientific Officer, Research Station. 


1]. R. Tillman ‘Valve Oscillator.”’ Wireless Engr., Vol. 24, 
p. 357 (1947) 
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temperature coefficient outside the limits +100 parts per 
108 °C. Hence, the temperature coefficient of the resonant 
frequency should be from about zero to 150/10® °C. The 
circuit is degraded by resistor R1 to give specific overall 
magnifications (Q's), 35 for 500 c/s, but 50 for 900 c/s. 

The voltage gain from the grid of valve V1A to the anode 
of VIB is about 6. Resistor R2 in the positive feedback 
path—the only other component whose value depends on 
the frequency required—and the fixed potential divider 
R3-R4, reduce the loop gain to little more than unity. The 
relatively high level of signal across the resonant circuit is 
taken, only slightly attenuated by the variable potential 
divider RVI-R35, to feed the output amplifier. RV1 is the 
control of output level; it is necessary principally to enable 
compensation to be made for changes in the level of signal 
across the resonant circuit accompanying changes in the 
value of the stabilised high-tension supply with ageing of 
the neon stabiliser in the power unit. 

The output amplifier, consisting of the circuits of V2 and 
V3, is of conventional design. About 27 db. of voltage 
negative feedback, provided by R6-R7-R8, ensures both a 
good measure of stability of gain and the low output im- 
pedance essential to meet the regulation requirement. 


Test and Alarm Facilities. 

A voltmeter (0-1-5V D.C.) is provided on the power unit 
to enable cathode currents in all valves of the oscillator, and 
the voltage of both high-tension supplies, to be measured. 
rhe variable resistor RV2 is provided in the cathode circuit 
of V3 to permit adjustment of:the cathode current of V3 to 
75 mA, as indicated by half-scale deflection of the meter 
when connected to V3A of the test panel. When the adjust- 
ment can no longer be made, a new valve is required. 

here is already a voltmeter (0-25V A.C.) provided on the 
rack taking the new units, for measuring voltages at audio 
frequencies. It will now have the additional -use of checking 
the voltage of the mains supply and of testing the electrolytic 
capacitor C2. If C2 fails in the usual way, by becoming 
open-circuited, an alternating voltage of about 8V_ will 
appear at the test socket V3B. 

A full-wave rectifier, bridged across the output of each 
oscillator, feeds a relay, the contacts of which are incor- 
porated in the changeover and alarm circuits. The D.C. 
governor-controlled machine will continue to be the standby 
generator, at least for the time being. 

















Fic. 2.—Osci__ators No. 26. 


Mounting. 

Fig. 2 shows two Oscillators No. 26, one with its cover 
removed, as they appear when mounted on the present 
equipment rack. Economic reasons made separate mounting 
of each oscillator preferable to a combined mounting. The 
components Ll and Cl which so largely determine the 
frequency of oscillation are sealed in a can. 


PERFORMANCE 
Fig. 3 shows typical curves obtained from prototype 
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oscillators of the variation of output voltage with load and 
with supply voltage. The voltage of the mains supply 
rarely falls more than 15 per cent. 

The harmonic content is less than 1 per cent. for all 
loadings up to 4W when the voltage of the mains supply is 
normal and less than 4 per cent. when the supply voltage 
drops 15 per cent. (The present machine installation has a 
harmonic content often exceeding 10 per cent.) The outputs 
also contain a component at 100 c/s, 40 db. or more below 
the main signal. There is less than 0-02 per cent. leak from ° 
one oscillator to another. 

When the ventilation was reduced considerably below 
that expected in service, the measured ultimate tem- 
perature rise of Ll and Cl due to self-heat of an oscillator 
was 20°C, reached within an hour of energisation. The 
temperature coefficient of frequency was only 20/10® °C. A 
much larger coefficient could be tolerated before expected 
changes of ambient temperatures would cause frequency 
shifts approaching -+0-15 per cent. Most of the remaining 
tolerance on the frequency generated is needed to cater for 
the change of inductance, calculable from the hysteresis 
factor of Ll, accompanying changes of the signal voltage 
across L1; this voltage, being proportional to the stabilised 
high-tension supply, can vary by +34 per cent. 


CONCLUSIONS 
The oscillators perform better than the machines, 
particularly in present-day conditions. Because they con- 
tain valves, routine maintenance will be necessary; it 
should, however, be very simple and more than offset by the 
elimination of the attention—often very frequent—which 
now has to be paid to the machine installation because of 
uncertainty of the supply frequency. 
Acknowledgment is made to Mr. J. H. P. Draper, who 
much accelerated the work by his assistance in making and 
testing prototype models, 





Trials in Connection with Laying Rigid Repeaters in Deep Water 


U.D.C. 621.315.285: 621.395.645 


N February, 1951, H.M.T.S. Monarch carried 

trials inconnection with laying polythene-insulated cablk 

with two Telcon MK1 repeaters in the cable line 14 miles 
apart. Each repeater weighed 12 cwt. in air and was of the 
rigid type, as indicated in the accompanying illustrations 
[he experiment took place in the Bay of Biscay in a depth 
of 2,700 fathoms, the cable and repeaters being laid over 
the ship’s after gear. 

The weather and sea conditions were far from ideal and 
the work had to be suspended for varying periods during 
After laying out the length of cable, it was the inten- 
tion to bottom-buoy the end but, when transferring the 
cable from the stern sheave to the bows, a new cable stopper 
parted and the cable end was lost. Grappling then com- 
menced and the cable was hooked and hove to the surface 
with a strain of 280 cwt. on the grappling rope when the 
bight of cable was at the bows. The cable was cut and 
picking up towards Repeater No. 2 was commenced, but 
only the depth of water was picked up and the cable was 
found to have parted at a kink 


out 


gales. 





THE RECOVERED REPEATER TAKING TURNS OFF 


ASS THE 


The next drive for the cable was made halfway along the 
14-mile section of the cable between the repeaters, using a 
Lucas cutting grapnel. The cable was hooked and hove to the 
surface, but, although the bolts in the Lucas had sheared 
the cable was not cut and the bight was brought to the 
surface. The strain with cable at the bows was rising to 
300 cwt. in the swell. The cable was cut 1 the No. 1 
Repeater side was surface-buoyed and picking up towards 
No. 2 Repeater was commenced. The cable coiled satis 
factorily and 7-243 nautical miles were recovered to an end 


ant 


AFTE 
REPE 


close’to the No. 2 Repeater where the cable had parted ata 
kink. The weather conditions during this recovery were far 
from ideal and, by the completion of recovery, were a 
severe gale with accompanying rough sea. 

When grappling was resumed the third drive was made 
on the other side of No. 2 Repeater which still had 5 miles 
of cable attached to it.The cable was hooked and raised to 
within 600 fathoms of the surface and then slipped over the 
grapnel and was lost. The surface-buoyed end of cable, 
which was on the 7-mile length attached to No. 1 
Repeater, was next recovered, but only the depth of water 
was picked up to where the cable had parted at a kink. 
Further drives were made and the remaining section 
attached to No. 1 Repeater was hooked and brought to the 
surface. After cutting, the side leading to the repeater was 
swivelled to clear the turns and the other short 
abandoned. Picking up was then commenced towards the 
repeater and it was successfully recovered, but was found to 
be leaking owing to faulty welding. Further drives were 


Si le 


then made for No. 2 Repeater, but without success. 





R CABLE THE REPEATER AT THE STERN SHEAVE 
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Che conclusion arrived at as a result of these experiments 
is that it is a practical proposition to lay and raise rigid 
repeaters in these ocean depths, but further detailed re- 
search into the matter must be made. To this end an 
overhead rail transporter has now been installed in 

Monarch”’ which will greatly facilitate the handling of the 
repeaters in getting them overboard. Further, the use 
of opposite-lay double armoured cable will doubtless solve 
many of the troubles through avoiding kinks near the 
repeaters or elsewhere in the line. 





Notes and Comments 


The Board of Editors has learnt with great pleasure of the honour recently conferred upon the following member 


of the Engineering Department:— 


London Telecomms. Region Kimber, G. 5. 


Retirement of Mr. A. Morris, A.R.C.S., D.I.C., 
Wh.Ex., M.1.E.E. 


Mr. A. Morris, Staff Engineer, Local Lines and Wire 
Broadcasting Branch, retired on the 21st December after 
i service in the Department of unusually wide scope. 

Commencing his engineering career as an apprentice in 
Portsmouth Dockyard, he gained a Whitworth Exhibition 
and a Royal Scholarship, the latter enabling him to study 
at the Imperial College of Science and Technology for three 
years 

Mr. Morris entered the Post Office Engineering Depart 
ment in 1913, by open competition, as Assistant Engineet 
old style), and, after a preliminary period in the Lines 
Branch, he joined the Research Branch, where for some 16 
vears his work was largely concerned with developing tech- 
niques in connection with cable balancing, loading and 
repeatering, in which sphere he became a 
authority. 

In 1929 Mr. Morris was transferred to the Radio Branch, 
where as Assistant Staff Engineer he was actively concerned 
in the matter of radio interference and guided all the then 
pioneer work which has led to the recent regulations on this 
subject. During this period he was Technical Secretary to 
the I.E.E. Interference Committee. 

Mr. Morris started the provincial part of his career in 1935 
and, after short periods in Bristol and Leeds, became 
Superintending Engineer, Manchester, of the old South 
Lanes District in 1936. 

In 1939 Mr. Morris became Chief Regional Engineer of 
the London Region and it was undoubtedly due to his wide 
experience and organising powers that London Region, in 
its telecommunication services, surmounted the difficulties 
to which the war conditions gave rise. 

Mr. Morris, was in 1948 charged to take control of anew 
Branch formed at Headquarters, the Local Lines and Wire 
Broadcasting Branch, and here his work has been of great 
service to the Department. He has blazed a trail which will 
have results long after his departure. 

Mr. Morris’s career has been characterised by an ever 
zealous interest in the advancement of the telecommunica 
tion service and an abhorrence of chicanery in all its forms; 
his personality—full of charm, buoyant and always cheerful 

has made him friends in all spheres and his retirement will 
be felt as a personal loss throughout a wide field of the 
service F.E.N 


recognised 


Retirement of Mr. S. Hanford, B.Sc., M.1.E.E. 


Mr. Hanford, Staff Engineer of the Test and Inspection 
Branch, retired on the 15th October, 1951. 

From Burton Grammar School and Birmingham Uni- 
versity, where he graduated, he entered the Department 
in the Test Section in 1911. He served in R.E. Signals in 
World War I and on return was concerned in Lines Branch 
with the layout of local networks. Later he worked on line 
transmission and repeater equipments. In 1928 he went 
to Canterbury for two years and then returned to the 
Research Branch, taking over the Cable Test Section. This 
section, with Mr. Hanford, was transferred to the Test 
Branch in 1934. In 1937 he became Assistant Staff 
Engineer and in 1946 followed Mr. Barralet as Staff 
Engineer. 


182 


Technician IIA 


Mentioned in 
Despatches 


L/Cpl., 


Royal Engineers 


He returned to the Army as a cable expert in 1944 and 
spent an arduous year in providing Army trunk circuits. 

Mr. Hanford’s main work has been with cables, ard he has 
been in the forefront of all the developments and changes in 
telephone cables for many years. In particular, the Depart- 
ment’s specifications and testing methods owe more to him 
than to any other individual. 

His outstanding qualities are leadership, power of 
decision, and industry. Laisser-faire and indecision are 
abhorrent to him, so much so that he could be reproached at 
times for making decisions for others. His outlook is an 
intensely individual one and his point of view undistorted by 
any truckling to popular opinion. He is a stout fighter and 
his staff found him a worthy champion of the interests of 
I. Branch. 

Not so well known perhaps is his fundamental kindness 
and friendliness. Those who were not mislead by a some- 
what stern exterior found in him reserves of sympathy and 
understanding. He leaves with the good wishes of his 
colleagues, both of the Post Office and of Contractors 
Organisations, and with his exceptional fitness he can be 
expected to enjoy a well-earned retirement. LG: BD, 


Mr. J. Stratton, A.C.G.F.C., M.I1.E.E. 


John Stratton who became Staff Engineer of the Local 
Lines Branch in December last is one of the now diminishing 
number of those who trained at the old City and Guilds 
Technical College in Finsbury. There he gained the college 
diploma and afterwards assisted Dr. Eccles in his work on 
radio valve construction. 

After four years’ experience in the radio industry, he 
entered the Post Office through the P.A.E. open competitive 
examination. A short but valuable period of field experience 
in the old London Engineering District was followed by a 
long spell of 16 years in the Lines Branch (then Section) of 
the Engineer-in-Chief’s Office. Throughout his time there 
he was closely associated with Mr. R. M. Chamney in the 
development and utilisation of the trunk line network, and 
in particular with the inauguration of the trunk “‘demand’”’ 
system. Successive promotions within the Branch brought 
him to the rank of Assistant Staff Engineer in 1939, when 
he assumed control also of the Lines Branch Drawing Office, 
which led to his Chairmanship of the Line Plant Records 
Committee. During the war he was in charge of the Lines 
Branch contingent at Harrogate and took over also the 
group dealing with local line plant provision. 

In 1943 Mr. Stratton transferred to the Midland Region, 
and there he was responsible for power and radio services as 
well as external plant. It was in Birmingham that his social 
talents found fullest expression and he became a leading and 
well-known figure in all the varied activities of the Region, 
with the annual Christmas Party as the highlight. 

1950 brought a change of scene, for, in July, he was 
called to the L.T.R. to become Deputy Chief Regional 
Engineer. His stay there, though short, still gave time for 
him to become known and appreciated by all Branches and 
ranks. His genial personality and fund of anecdotes will be 
as much missed as his shrewd commonsense and jud zment. 
All his many friends throughout the Post Office will wish 
him well in his new sphere. [> & 





Col. D. McMillan, O.B.E., B.Sc., M.1.E.E. 


In the days when transatlantic telephony was in its 
infancy and conversation on an overseas radio telephone 
circuit was a more difficult and adventurous affair than it is 
now, Donald McMillan joined the Radio Section staff at the 
Radio Terminal. He had entered the Department as 
Inspector in May, 1925, and had served a probationary 
period in the Engineer-in-Chief’s Office and a District. His 
association with the Research Branch started in 1931, when 
he came to Dollis Hill, having succeeded in the Assistant 
Engineer competition; he was promoted to Executive 
Engineer in 1937. 

[his long and valued association with the Local Trans 
mission and Electro-Acoustics Section of R. Branch was 
punctuated by military service during the war. He had 
joined the Territorial Army (Signals) in 1938 and was 
2nd Lieut. when mobilised in August, 1939. He went 
overseas as Captain in June, 1940, and returned as Colonel in 
August, 1945, for demobilisation, having been twice men 
tioned in despatches and awarded the O.B.E.—a truly 
meteoric career which gives insight to his technical and 
administrative ability and the quiet force of his personality 
On his return he became Assistant Staff Engineer in charge 
of the Section in 1946. 

Col. MecMillan’s contributions to technical literature 
especially on telephone receivers, microphones and loud 
speakers, are well known; his contributions to the work of 
several committees have been most valuable, notably the 
4th C.E. of the C.C.I.F., Acoustics committees of the B.S.1 
and the Electro-Acoustics committee of the Medical 
Research Council. He takes with him our very sincere good 
wishes in his new appointment to I. Branch W.W 


Mr. R. E. Jones, M.B.E., M.Sc.(Eng.), D.1.C., M.1.E.E. 


Mr. R. E. Jones has had a career in which main line 
transmission matters have figured largely, and in his pro 
motion to Staff Engineer of the Exchange Equipment and 
Accommodation Branch he retains this interest whilst 
adding other interests covering switching and operating 
equipment. 

Mr. Jones graduated from London University in 1926 and 
joined the International Standard Electric Corporation, 
where he was engaged in the planning, provision and testing 
of main underground cable systems in various European 
countries. In 1933 he joined the Post Office Research Branch 
by special selection as Assistant Engineer (old style) and 
was there engaged primarily in the development of audio- 
frequency transmission equipment. 

Promoted to Executive Engineer in 1938, he added to 
purely Post Office problems, co-operation with the S.R.D.E 
in the development of transmission equipment for Army 
Signals. In 1940 he co-operated with the War Group in 
emergency measures for the maintenance of communications 
to the Armed Forces in Europe until the collapse of Franc: 

In 1941 Mr. Jones was transferred to the L.T.R. as Area 
Engineer, West Area, on maintenance, but in 1942 he was 
specially mobilised with Army Signals (with the rank of 
Major) in connection with the landing in North Africa. He 
served in North Africa, Italy and Austria until he returned 
to the Post Office in 1946 with the rank of Lieutenant 
Colonel, having also been awarded the M.B.E 

After a few months in the L.T.R. (Centre Area) he was 
promoted in October, 1946, to Assistant Staff Engineer, E 
Branch, and for five years had charge of the provision of 
transmission equipment, power plants and _ telecom 
munications buildings and accommodation 


Mr. Jones brings to his new post a wide experience and 
a personality highly suited to the necessary co-ordination 
between the Post Office and its Contractors Seo 


Dollis Hill Open Day, 1951 


On 28th September Sir Archibald Gill and Brigadier 
Harris welcomed a large number of distinguished people 
who had come to Dollis Hill by invitation to view some 
of the workin progress. The visitors showed a keen interest 
in all that was going on and, though it is not possible to 
describe all the exhibits, the following short notes, about a few 
of those which proved most attractive, indicate the kind of 
problems which are receiving attention to-day 

\n experimental automatic letter-facing machine with its 
streams of letters moving at high speed was a popular item 
Che letters pass before a series of photo-electric cells, and 
from the signals they give, are diverted, turned over or 
reversed until they are in orderly stacks 

Iwo kinds of submerged repeater were on view, shallow 
and deep water. The shallow water repeater Is no longet 
quite novel, the first model having been laid in the Irish 
Sea in 1943. The type exhibited is similar to eight units 
which were inserted into two Anglo-Dutch submarine cables 
last year, and enables 60 telephone circuits to be obtained 
on each cable. The deep water repeaters are designe d for 
working in ocean depths up to 4 miles (4 tons/sq. in 
ind they incorporate an amplifier which is unaffected by 
iny single open-circuit or short-circuit in the majority of 
its components, including valves 

[ypical of the very simple exhibits which attracted 
attention was the Magnetic Memory. This showed how, by 
the use of some of the newer magnetic materials, information 
can be stored by magnetising a smali core in one direction or 
the other 

Wide-band amplifiers in which valves are connected in 
parallel by low-pass filters were on show. One fed the plates 
of an oscilloscope and amplified short (0-1 wS) rectangular 
pulses; the amplified pulses had a rise time of 0-013 wS and 
negligible overshoot. Another had again constant to +-0-2 db 
up to above 30 Mc/s. 

Ihe design of modern aerial systems is a matter of great 
precision and the performance of a layout may be seriously 
affected by nearby buildings, masts and other aerial systems. 
\ 1/150 scale model of a 20 Mc/s rhombic aerial was shown 
operating at 3,000 Mc/s. The effect of obstructions of 
various kinds was readily shown on the polar diagram dis 
played on a cathode-ray oscilloscope 

On Saturday the staff were At Home to colleagues from 
other branches, friends and relations } 2 & 


Premiums for Technical Writing 

fo encourage the writing and publication of articles 
reporting technical progress and development in radio and 
electronics in Great Britain, the Radio Industry Council 
has announced that from Ist January, 1952, it will award 
premiums of 25 guineas each, up to an average of six a yea! 
to the writers of published articles which, in the opinion of a 
panel of judges, deserve to be commended by the industry 
Only “non-professional” writers are eligible for these awards. 

Writers and editors are invited to submit published 
articles (five copies if possible) to the Secretary, Radio 
Industry Council, 59 Russell Square, London, W.C.1, for 
consideration, but the judges will also consider unsubmitted 
published articles. 

Articles published in this Journal are eligible for the 
wards 


Journal Binding 
This issue of the Journal completes Vol. 44 and readers 
wishing to have the volume bound should refer to p. 192 
for details of the facilities available. It is regretted that 
price increases have been necessary, because of the higher 
labour and material costs now ruling 
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Regional Notes 


Welsh and Border Counties Region 
A 491-FT. SPAN 

An interesting and somewhat unusual method of providing 
1 telephone line was recently adopted in a remote corner of 
Wales to provide service to a farmer in the Llanarth exchange 
area. It would normally have been necessary to erect a new 
route for a considerable distance, but to avoid excessive 
expenditure in materials and manpower, it was decided to 
utilise the Electric Power Co.’s route to the farm. This route 
crosses a deep and wooded ravine, the power poles on each side 
of which are 491 ft. apart and, at a height of 110 ft. from the 














PowER ROUTE WITH TELEPHONE CABLE ATTACHED, CROSSING [HI 
RAVINE 


centre of the ravine, carry 3/-05 bare copper wires in vertical 
formation. As it was considered impracticable to obtain the 
required safety standards with the use of PBJ-covered wire, 
the matter was referred to the Engineer-in-Chief, who advised 
that Ipr/20 polythene cable should be used lashed to two 
190-lb. steel wires. Fortunately, the route is in a very large 
field and it was possible to run out the steels on the ground and 
lash to them the polythene cable. The method of lashing was 
as follows 

rhe two steels were laid on the ground some 2 ft. apart with 
the polythene cable in the middle and then all three wires 
were lifted about 2 ft. from the ground and lashed together 
with a hand lashing machine supplied by the Engineer-in 
Chief. The lashing wire utilised is Wire F.P. Plastic Insulated 
1-wire/12}, and the lay of the lashing is about 7 in 

\ rope had been run across the ravine and, with a snatch 
lock on each pole, the suspension steels and cable were pulled 
ucross by hand without difficulty. The steels at one end were 
then terminated round the pole and regulated from the other 
end by a chain puller to a tension of 100 Ib., when it was 
observed that the spacing between the lowest power wire and 
the Post Office wires was almost equal throughout the whol 
length. The separating distance on each terminating pole is 
4 {t. The polythene cable is terminated on Insulators No. 16 
using a non-standard support by Spindles No. 16), whilst 
both power poles are earth-wired, and back-stayed against the 
pull of steel wires. This method of installation was carried out 
with the consent of the power company concerned. To guard 
igainst accident the power supply was disconnected during 
the erection and termination of the steels 

H. W.S 
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ROOT OBSTRUCTION IN DUCT 
Animal or Vegetable?" might be the caption accompanying 
this picture of a sycamore root formation found in a 4-in. duct 
line during rodding operations on the Haverfordwest-Fishguard 
duct route 
The original root stem that penetrated the collar of the duct 
had completed a circumference of the duct before terminating 
along the bore in its insatiable quest for moisture. 











SYCAMORE Root In 4-1n. Duct 


[he photograph was taken by Mr. J. Dayes, Technical 
Officer, Haverfordwest, who has won national repute with 
ome of his photographic efforts cS 


GAS SOLDERING TRON FOR USE ON OVERHEAD 
WIRES 

rhe arrears in renewal of overhead wires, with the continued 
material and manpower shortage, reached such formidable 
proportions that it was decided to insert 3-ft. tails of new wire 
at the point of wear, ie., at the “binding-in” point. The 
experiment carried out in the Swansea Area proved most 
successful when soldered joints were used in place of twisted 
sleeve joints. The method of using the firepot and large 
soldering bit meant that two men were employed during the 
soldering operation and the soldering bit required constant 
cleaning and facing 

After some experiment a gas soldering iron has been devised 
which, although it appears rather heavy to use, is proving 
popular with the staft as a replacement for the firepot method 
Calor (butane) gas blowlamps, although dangerous for use in man- 
holes, are very satisfactory on aerial cable works and appeared 
to offer some solution to the problem; eventually a ‘“‘Wee Dex”’ 
blowlamp was converted to a gas soldering iron, as shown in 
the photograph. The underside of a copper bit has been 











\ Gas SOLDERING IRON. 


hollowed out to fit the lamp nozzle and a ‘‘U”’ bolt clip holds 


the bit in position over the nozzle. The bit is, therefore, 
adjustable for high wind conditions. The flame is prevented 
from touching the wires by the specially shaped bit and the 
thin metal bridge of the ‘‘U” bolt clip prevents any molten 
solder from running on to the user’s hand. The bit rarely 
requires refacing and can be kept at constant temperature 
during soldering operations, or the flame can be extinguished 
and the bit used to solder several joints at a time, dependent on 





the experience of the user. The officer using the iron does not 
require any assistance. 

One gas container lasts for about four hours constant 
burning, but with the intermittent use on the above-mentioned 
work a container lasts about four days. Refills are reasonably 
cheap and easy to obtain. The lamp is much easier to use than 
a petrol or paraffin type and the only special attention required 
is to avoid leakage at the valve when the lamp is not in use 
Chis is catered for by removing the pistol grip torch from the 
container and screwing in its place a flat metal cap which does 
not operate the gas release valve in the cylinder. G. F 


South Western Region 
RECOVERY OF STAYS 
Owing to the shortage of ‘‘Rods Stay it was necessary 
when recovering derelict plant at an aerodrome to dig out a 
number of stays. This work is always very arduous, partly 
due to the presence of the rod in the centre of the excavation 
in some cases, even when the block is exposed, it cannot be 
lifted out without improvised leverage, owing to suction in 
wet soils. It was decided that a lifting bar to work between two 
pole jacks would be worth trying and the attached drawing 
shows the item which was made locally 





METHOD OF RECOVERING Stay Rops 


For a No. | stay, it is necessary to excavate from 12 to 30 in 

-depending on the class of soil—and to loosen the soil with a 
bar or pick. The rod is then pulled or bent into a vertical 
position and the pole jacks set up on timber bases on either side 
of the hole with the lifting bar between them. The stay bow 
is then bolted between the shackles and the jacks operated 
together to lift out the stay and block 

As a precaution against breaking the rod, not more than 
one man should operate either jack 

aoa 


North Eastern Region 

TELEVISION OUTSIDE BROADCASTS FROM LEEDS 

The opening of the Holme Moss television transmitter on 
12th October was the occasion of a number of television 
outside broadcasts from the North of England. Although the 
work of equalisation and amplification was carried out by 
members of the London Telecommunications Region staff, it 
is thought that a few remarks concerning the efforts of the 
staff within the North-Eastern Region may be of interest. 

After much consideration it was decided that the outside 
broadcasts from Leeds should be made up of two main links; 
one to be by means of Post Office underground plant and 
the other by B.B.C. microwave link to Holme Moss. The 
obvious place to choose for mounting the microwave equipment 
was on the newly constructed tower of the Leeds University 
situated on a hill to the north-west of the centre of Leeds. The 
Post Office had to link the Theatre Royal and parish church 
to this point by means of existing plant. Ordinary 6}- and 
10-lb. cable pairs were used as far as the automatic exchange, 
where the first amplifier was situated, and 10-lb. junction cable 
pairs were intercepted at the university, the site of the second 
amplifier. In order that the loss should be reduced to a 


minimum, |-pair polythene cables were used at the university 
and parish church. At the former site two 440-yard polythene 
cables were drawn into existing ducts and thence up the 
inside of the university tower. After a few minor setbacks the 
work was carried out by the required time and, as the outside 
broadcasts were conducted without hitch, all concerned were 
satisfied with their efforts A. C. 3. 


LAYING THE THIRD JUNCTION CABLE BETWEEN 


BEAL AND HOLY ISLAND 


The second cable between the mainland at Beal and Holy 
Island, laid in 1926, has now been replaced. The first cable 
was laid in 1892. Preliminary survey showed 

1) That a new sea route of 2,230 yds. could be used m 
preference to the 34-mile track of the existing cable. This 
new route, however, necessitated laying about 4,300 yds. of 

cable to link up the “‘sea’’ cable and the Holy Island U.A.X 

Half of the latter cable would replace the existing overhead 

route 

2) This new cable would comprise eight pairs of 40 Ib 
copper conductors, double-paper insulated, within a lead 
sheath; the sea cable to be protected by a P.V.C. sheath and 
that of the “‘land”’ portion by steel tape armour and a serving 
of tarred jute. The overall diameter of both cables to be 1 in 

(3) The sea cable would be laid in one length of 2,230 yds 
and delivered on a drum, total weight of about 5} tons. The 
land cable would be delivered on five drums each containing 

585 yds. of cable and of a weight approximately 1} tons 

(4) The cable would be transported to the Island by 
suitable lorry and laid at a depth of 18 in. along the whole of 
the land and sea routes. 

To ensure that the whole operation would be carried out with 
a minimum of risk and delay, extensive enquiries and field 
trials were made locally. From the results of these it was clear 
that considerable difficulty could be anticipated in both the 
transport of the cable and cable-laying work at the sea crossing 
These were due primarily to the condition of the ‘‘sand” along 
the sea Toute, tide and weather restrictions on working time 
and the limited selection of vehicles available for the work 

The outcome of this preliminary work was 

(a) In place of a lorry for transport of cable, a combination of 

cable drum trailer and Chevrolet F.W.D. tractor, or 
4-ton vehicle could be used; 
the cable could be laid along the route at a depth of 
18 in. by use of the tractor and mole plough; 
the sea-cable laying work and transport of cable should 
be done during the spring tides when “‘‘low tide’’ was at 
9.0 a.m., during early summer; 
a party of about 18 men would be needed for the work 

i) Six men for “laying out”’ cable. 

ii) Six men for mole-plough work 

iii) Two men for marking out route and preparing 

records ahead for mole-plough party 
iv) Four men for testing and jointing cable as it was laid 








| 
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The rate at which the cable could be laid would be 

(i) 2,000 yds. of sea cable in four hours, and, 

(ii) 4,000 yds. of land cable in two days. 

After special arrangements had been made for the delivery 
of the cable, it was air-pressure tested on receipt at Beal railway 
station. On the 23rd April, 1951, the work of laying the cable 
was started after the men had been divided into their respective 
parties and given detailed instructions on how the cable had to 
be laid. The land sections were laid first and, as anticipated, 
the work was completed the next day. Some difficulty was 
experienced in the delivery of the sea cable and it was not until 
the fifth day that this work was started and completed. The 
tide conditions were satisfactory, but heavy hail and sleet 








CABLE LAYING IN PROGRESS ON THE ‘‘SEA"’ SECTION 
showers were experienced during this work. The cable con 
ductor insulation and continuity were checked during all 
phases of the operation 4 : 

Though the work was done in the anticipated time 
considerable difficulties had to be overcome; its success is 
attributable to the enthusiasm and good teamwork of the 
staft concerned and the use of modern appliances. The second 
cable was laid by 30 men in five weeks, horse-drawn carts 
being used for transporting the cable and a plough for burying 
it along the 3}-mile sea crossing route J.O 


London Telecommunications Region 


INSULATION OF MISCELLANEOUS ITEMS 
IN POLY-VINYL-CHLORIDE 

In almost every telephone exchange power room in the 
L.T.R., the emergency switchboard tools, mainly single-ended 
spanners, require renewal of insulation, but replacements are 
not at present obtainable from the Supplies Department 
although it is understood that P.V.C. insulated items will be 
available later. Although enquiries were made regarding the 
possibility of having the items re-insulated by outside firms, 
little satisfaction was obtained. 

Consideration was therefore given to the possibility of 
insulating in P.V.C. by Power Section staff, and it was found 
that the work could be carried out quite cheaply and effectively, 
requiring Only a baking oven fitted with a thermometer. The 

dipping” technique has been adopted and is carried out in 
four stages 

(1) heating to 160 : 

2) suspending in P.V.C. ‘‘paste’”’ for 45 sec 

3) storing for 15 min, at 160°—175°C, 

4) placing on rack or in cold water to cool oft 

rhe paste consists of P.V.C. resin, finely ground, forming an 
emulsion with a liquid plasticiser such as tricresyl phosphate. 
The ratio of resin to plasticiser determines not only the 
viscosity of the paste (whic h increases with increase of resin 
content), but also the hardness of the resulting insulation The 
paste is supplied in its natural whitish colour, but pigment 
normally black, is easily mixed in if required 

The highest viscosity of the paste compatible with good 
dipping is obtained with a mixture of about 1 : 1, and this 


175°C 
c 
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mixture is used for the spanners. The finished coating is 
relatively soft, but tough, with rubber-like properties. 

A harder coating may be obtained by treatment with a 
solvent to dissolve off some of the plasticiser and this method 
has been found satisfactory and is used in coating jumper 
rings which are in short supply at present. Alternatively, the 
mixture may be thinned with white spirit before dipping, but 
this requires an oven in which there is no risk of explosion due 
to the presence of white spirit vapour, and for this reason has 
not been used. 

The cost of P.V.C. paste in small quantities is about 3s. 0d. 
per lb. and I Ib. will coat about 60 small spanners; a typical 
quotation for coating in P.V.C. would be 8d. each. Some 
hundreds of spanners have now been treated and the work is 
proceeding as quickly as possible, although supplies of P.V.C. 
ire rather difficult to obtain 

R. M. H 


North Western Region 
TELEVISION FROM THE NORTH 
fhe inaugural ceremony for the opening of the B.B.¢ 
Holme Moss television transmitter was held in the Town Hall 
Manchester. The proceedings were televised using an outside 
broadcast link routed from the Town Hall via Central exchange 
to Telephone House. Local cables were used and the links 
equalised to 3 Mc/s, amplifier equipment being inserted by the 
London Telecommunications Region, Television Group. 


As part of the series of broadcasts associated with the 
opening, two programmes were televised from Blackpool. The 
events televised included the Tower Circus, a show from the 
Miners’ Home, Bispham, and a tour of the Blackpool illumina 
tions. The Department's task was to provide physical links 
between the outside broadcast points and the microwave 
transmitter on the Tower, 385 ft. above sea level. The links 
between Bispham and the B.B.C. control room at the 85 ft 
level of the Tower were provided over three miles of ordinary 
cables of various gauges connected via two exchanges, 
Blackpool Central and North Shore, where amplifiers were 
installed. To cover the remaining 300 ft. up the Tower, it was 
necessary to run a P.C.T.D.A. 10/10 cable which was clipped 
to one leg of the Tower structure. From the 385 ft. level the 
signals were transmitted, via the B.B.C. microwave link and 
an intermediate mobile repeater on the moors 30 miles from 
Blackpool, to the microwave receiver on Ship Canal House, 
Manchester, and thence by a repeatered section of local cable 
to Telephone House 

The success of the initial transmissions from Holme Moss has 
given great satisfaction to the Post Office staff concerned with 
providing the link from Birmingham to the site. Between 
Manchester and Birmingham the cable contains six 0-375 
coaxial tubes plus 32 interstice pairs and 344 20-lb. audio pairs. 
Iwo of the coaxial tubes are used for television purposes and 
the remainder of the cable to augment the public network 
Beyond Manchester the cable follows the Sheffield track and a 
cable containing six 0-375 coaxial tubes plus 180 audio pairs 
is provided to the junction with Holme Moss. From this point 
to the site—the only section provided solely for television 
purposes—the cable comprises two 0-375 tubes plus four 
screened pairs 40 lb. and 48 audio pairs. 

The comprehensive scheme involved the recovery of the 

3irmingham-Manchester No. I cable to free a ductway for the 
new cable so expediting the cable provision. As an old track 
was involved, a certain amount of reconstruction work was 
necessary in order to provide suitable jointing facilities and 
ready access for maintenance purposes. In this connection, 120 
jointing manholes were built in this Region. Approximately 
11-5 miles of duct were laid on the Holme Moss side, most of 
which was provided during the winter months on high ground 
Fortunately the winter was not unduly severe and the duct 
contractors carried on the work with a break of only 14 days 

Eight buildings were erected in this Region for intermediate 
repeater stations during a period when the building material 
supply position was somewhat difficult, particularly in respect 
ot cement. 

Installation of the line amplifiers was effected by the Area 





staff, and Regional Office staff co-operated in the final alignment 
of the link. Newly designed equipment was brought into 
service and teething troubles necessitated realignment on 
several occasions. The final tests over the link have elicited 
favourable comment from the Engineering Department and 
the B.B.C N.W 


Home Counties Region 
THE BRIGHTON RE-NUMBERING SCHEMI 
The Brighton dial had, until the completion of this scheme 
the effect of limiting the multiple capacity of each exchange 
within the linked numbering scheme to 10,000 
insufficient for Brighton and Hove exchanges 


numbering scheme was accompanied by the rep! 
Brighton dial by the standard Post Office dial 
codes which preceded all exchange i 
which also shows how much greater flexibility 


numbers 
Table 1, 
availability resulted by making Rottingdean and 
independent exchanges and making use of all the k 
two combined exchanges, Brighton and Hove 

The change was made in February, 1950, mos 
being advised to subscribers by k r since 
consisted of prefixing the existing 
code digit. The new directory iss 
and the few radical changes were 
portable Changed Number equipment 

rhe changes made at Southwick 
similar 
to old and new numbers and to permit 
levels prior to the transfer | 


Levels were teed to all exchang 


2nd selec 
Southwick and Rottingdean. Final transf 
circuit changes, the transfer at South | 
from discriminating equipment 

junction re-routing 


TABI 





dialling code 2 


dialling 


Satellite dialling 


code 4 


Rottingdean 
Satellite on Brighton-—dialling 
code 6 


Southwick 
Satellite on Hove-—-~dialling 
code 7 





* Transferred—Decemt 


['wo hundred men were employed in 20 groups for the dial 
modifications and were controlled by four officers who circulated 
envelopes containing schedules of the subscribers on each 
distribution point in the area and labels and dial number rings 
for all numbers 

The scheme was in two parts. The f 
compilation of records, setting up the organisation, briefing 
the staff and finally issuing the first work envelopes so that 
workmen could start operations immediately on the transfer 
date. The subscribers were classified to give p1 to kiosks 
subscribers’ coin-collecting box installations, important sub 
scribers, large Private Branch Exchanges and blocks of flats 
\ special self-feed numbering machine was used for numbering 
the labels 

The second part ot the operation comprised the 
labels, starting immediately the 


irst part consisted of the 


ircuit changes 


carried out. Special arrangements were made for dealing with 
subscribers when access could not be obtained 

After 10 days only 400 remained to be dealt with out of the 
37,000 telephones in the six exchanges, an excellent exampk 
»f teamwork R.G 


BRISTOL-SLOUGH COAXIAL CABLE 


Following the decision to provide this cable, operations on 
an unusual scale have been carried out in the Reading 
relephone Area, using two different types of cable (6 Cx. pr 
0-375] 32/20 PCO 344/20 PCOT and 6 Cx. pr. 0-375E 4 
32/20 PCO A total length of approximately 48 miles was 
concerned 

rhe audio conductors in a section of the first type mentioned 
vere provided to permit the recovery of a 308-pr. aerial cable 
the weight of which is responsible for the buckling of a number 
of the poles on the main overhead trunk route to the West 
Chis decision has been more than justified since, as the result of 
pole testing in three different exchange areas along the route, a 
considerable number of decayed and suspect poles have been 
found 

Originally it was intended that four coaxial tubes should be 
used and manhole work was carried out accordingly. Eventu 
ally six tubes were provided and this entailed additional 
manholes and slewing on account of the larger bending radius 
of 21 in., as against 15 in. originally requested 

rhe project called for six new repeater station buildings, four 
of which were ordinary C.R.4's, one being a flood type, and the 
remaining two of the C.R.6 type. Building extensions were als« 


ecessary to two U.A.X.s and an existing repeater station 














[TERMINATION OF COAXIAL CABLES IN A CR4-TYPE BUILDING 


[he work was considered of major importance and urgency, 
and it was necessary to co-ordinate carefully the activities of 
the cable, duct and building contractors with those of the 
Department's staff to ensure that the necessary general progress 
could be maintained. All are to be congratulated on the co 
operation attained in what was at times a most difficult and 
awkward task. In spite of the flood conditions and appalling 
weather encountered, together with the unavoidable delay in 
obtaining access to the repeater stations, the duct and cabling 
work occupied a period of only nine months and was completed 
to schedule F.G 


CORRECTION 
On page 139 of the October 1951 issue the caption to the 
illustration of a U.A.X. building should read Suilding for 
Orsett U.A.X. 13X 
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Institution of Post Office Electrical Engineers 


Annual Awards for Junior Section Papers—Session 
1950/51 


The Judging Committee has selected the following from the 
papers submitted by the Local Centre Committees, and 
awards of /3 3s. Od. and Institution Certificates have been 
made accordingly 

Author 
B. V. Northall 
S. A. R. Packer 


Junior Centre 
Darlington 
Bath 


Title of Paper 
Television’ 
‘Cathode Ray 
Oscillography 
The Television 
Receiver 


J. B. Bedford Lincoln 
N. A. Branagh ) 

and >* Belfast 
S. J. Lemon ) 


Science and the 
Snapshot 
* Award shared 
The Council is indebted to Messrs. H. G. Davis, W. Stretch, 
W. H. Diack and H. Cheetham for kindly undertaking the 
adjudication of the papers forwarded for consideration. 
H. FE. Witcockson, 
Secretary 


London Centre 


Following is the second half of the programme of meetings 
of the London Centre:— 


Ordinary Meetings 
Held at the Institution of Electrical Engineers, Savoy Place 
W.C.2, commencing at 5.0 p.m. 

Tuesday, 15th January.—‘‘New Aids to the Maintenance 
Testing of Telephone Exchange Equipment,” W. J 
Marshall, A.M.I.E.E. 

Tuesday, 12th February.—‘‘Some Applications of Cold 
Cathode Tubes in Switching Circuits,’’ J. A. Lawrence 
A.M.I.E.E. 

Tuesday, 11th March.—‘‘The Control of External Major 
Works,” E. A. Scholey, B.Sc. 

Tuesday, 8th April.—‘‘A.C. Signalling—A Review of 
Current Problems,”’ B. R. Horsfield, A.M.I.E.E., and D. C 
Smith, B.Sc., A.M.I.E.E. 

Tuesday, 6th May.—‘‘A General Introduction to Com- 
munication Theory,”’ J. E. Flood, Ph.D., L. R. F. Harris 
B.A., and 4. D. V. Ridlington, M.A 
This meeting will be preceded by the Annual General 

Meeting of the Institution. 


Junior Section Notes 


Lincoln Centre 


Ihe 1951/52 Session was opened at Lincoln on 9th October 
with a three-way quiz in which Grantham, Grimsby and 
Lincoln took part. This was the first three-way quiz attempted 
and the first contest with Grantham, who are in the Peter- 
borough Area of the Midland Region. Loudspeakers and micro- 
phones were provided at all three centres to enable the 
audiences of more than 100 people to hear the questions and 
answers. 


The question masters introduced thetr teams in rotation; but 
after the Grantham and Grimsby introductions a previously 
recorded disc was played into the circuit to stage a ‘‘technical 
hitch’ before the Lincoln team was introduced. After four 
rounds of questions a break of 15 minutes was made, during 
which refreshments were provided. A further four rounds were 
completed and Grimsby was then declared to be the winning 
team by the umpire, Mr. F. A. Smithers, Area Engineer. Mr 
F. O. Watson, Telephone Manager, congratulated all teams on 
their performance and particularly Grimsby, the winners. The 
meeting was closed, for Lincoln, by the Chairman, Mr. R 
Ellmore, who gave details of this session’s programme and 
thanked all concerned in providing the excellent send-off 

R. H, E. F 
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Informal Meetings 


Held in the Conference Room, 4th Floor, Waterloo Bridge 
House, S.E.1, commencing at 5.0 p.m. 

Wednesday, 30th January.—'‘Cabinets and Pillars—The 
Experience of Five Years,’”’ J. P. Harding, B.Sc., A.M.I.C.E., 
A.M.I1.E.E., and F. C. Streeton, B.Sc. 

Wednesday, 27th-February.—‘‘Television Interference,’ 
J. S. Hizzey and J. R. Turner. 

Wednesday, 26th March.—‘‘The Provincial Exchange 
Area—Some Aspects of its Design and Development,” R 
Thornton 

Wednesday, 23rd April.—‘‘Explosives for Increased 
Production,’’ L. W. Barratt, A.M.I.E.E., and S. T. Stevens. 
In addition to the above meetings, an interesting programme 

of educational visits has been arranged, catering for over 1,000 
man-visits. The number of applicants was approximately 200 
in excess of the aforementioned figure, and those members who 
fail to receive an invitation to attend a visit during the course 
of the Session should take it that, under the method of selection 
adopted, they have been unsuccessful Ww... F 


Additions to the Library 


2021 Testing Electrical Installations and Machines. E. Molloy 
(Ed.), (Brit. 1947) 

Describes clearly and simply the modern methods 
employed when testing various kinds of commercial 
electrical installations as distinct from laboratory test 
work, 


Frequency Modulation Engineering. C. E. Tibbs (Brit 
1947) 

The approach here is that of the practical engineer and 
the book is a well-systematised treatment of the subject 
based directly on the standard published literature. 


Sound. F. G. Mee (Brit. 1950). 

Covers the requirements of Advanced and Scholarship 
papers in the General Certificate Exam., and of the 
syllabus of most University Degree Courses. 


Radio Technology. B. F. Weller (Brit. 1951). 

A new edition incorporating a lengthened chapter on 
Aerials and Radiation, and a new chapter on U.H.F 
Technique 

W. D. Fiorence, Librarian. 


Dundee Centre 
The opening meeting of the 1951/52 session was marked by a 
most enlightening lecture on the ‘‘Present System of Appraisal 
and Promotion,” by Col. C. E. Calveley, O.B.E., B.Sc., 
M.1.E.E., President of the Junior Section. The subject provided 
good oportunity for discussion and a lively question period 
followed 
The lecture was relayed to Montrose and Perth, and it is 
pleasing to note that this innovation proved beneficial in our 
endeavour to create an interest in our activities atnong the 
out-stationed staff 
On the 6th November, 1951, Mr. J. Knox, M.Sc., A.M.I.E.E., 
Area Engineer, gave a most informative talk on ‘‘Telecom- 
munications in Greece.’’ The lecture was illustrated by lantern 
slides devised by Mr. Knox, and interesting comparisons were 
made in relation to the system in use by the British Post Office 
The remainder of the programme for the session is as 
follows:— 
22nd January.—'‘Cabinets and Pillars,” by Mr. H. C. 
Stevenson, B.Sc., A.M.1.E.E. : 
19th February.—Visit to Carolina Port Power Station. 
6th March.—‘‘Present-Day Trends in Television,”” by Mr 
K. S. Phillips, B.Sc., A.C.G.I., A.M.I.E.E. 
Ist April.—‘‘Quiz”’ on Area Organisation D.M 





Darlington Centre 


Arrangements for the remainder of the 1951/52 Session are 
nearing completion and an endeavour has been made as usual 
to cater for all tastes Forthcoming meetings are planned as 
follows :— 

January 

Grimshaw. 

February 
Sales Department 
March.—Two-way Quiz: Darlington 

The Section’s new president, Col. Calveley 
M.I.E.E., has accepted the invitation to address the Centre in 
the New Year on a date to be fixed. His subject, ‘‘The Present 
System of Appraisal and Promotion,”’ should prove interesting 

Finally, to use an election phrase We hope for support if 
our efforts to serve are approved It is ample reward for 
these efforts if the meetings are well attended by our members 
with the same enthusiasm as in the past C.N. 


‘Computers and Calculators Mi O. M 


Saints and Salesmen Mr. C. R. Harrison 


Middlesbrough 
O.B.E B.S 


Harrogate Centre 


At the Annual General Meeting the following Office: 
elected for the 1951/52 Session 
Chairman: Mr. J. T. Winspear; Secretary 
Mr. L. Webster; Committee: Messrs. P. H 
Lewis, R. Pullan, G. Waddington, A. King 
The first meeting was held on 12th September, when Mr 
L. Elstree-Wilson came along to give a demonstration of 
wood-turning which proved most fascinating. The articles 
made during the evening, and the exhibition of finished articles 
previously made by Mr. Elstree-Wilson, were the envy of the 
audience 
On 10th October, Mr. H. E. Weston gave a most interesting 
talk, well illustrated by slides, on ‘‘Some Aspects of Ordnance 
Survey Work.’’ This was very much appreciated by his 
audience 
11th October found Harrogate linked with Scarborough and 
York by landlines, microphones and loudspeakers when Col 
Calveley addressed the three Centres on ‘‘The Present System 
f Appraisal and Promotion,’’ evoking numerous questions 
from the scattered audience 
The remainder of the programme for the session is as 
follows: 
9th January.—Mr. J. J. Perkins, 
13th February.—Mr. P. H. George 
12th March.—Mr. H. Clough 
Telecommunications Theory.” 
The members, having had an excellent start, are looking 
torward to the remainder of the items for the session. |. T. W 


Tveasurey 
George, D. R 


Design of P.M.B.X.s.’ 
Diesel Engines 
Technical Training in 


Middlesbrough Centre 
Activities for our Winter Session Lith 
October. The meeting, which was in the form of a Film Show 
and Social Evening combined, was open to members and their 
friends. Thanks are due to our Chairman, Mr. D. Paterson, for 
obtaining the services of Mr. J. H. Brown, L.D.S., of Middles 
brough, who came along and showed his colour film entitled 
Through Switzerland with a Movie Camera Mr. Brown’s 
film and commentary were greatly appreciated by all who 
attended. Refreshments were followed by dancing and games 
Col. J. R. Sutcliffe, Telephone Manager, Mr. J. S. Gill, Liaison 
Officer, and several Senior Section members were present t 
show their usual interest in our Centre's activities 
The following programme has been arranged for the 
remainder of the Session 
22nd January.—‘‘Fundamentals of 
Design,” A. C. Holmes, A.M.I.E.E 
Officer) 
14th February 
18th March 
brough 
15th April.—Annual General Meeting 
It is pleasing to note that two of the papers in the 1951/52 
programme were \indertaken by Our own members, Mr. W. ] 


commenced on 


Cable 
Liaison 


Tele ph yme 


Regional 


Modern Industrial Lighting,’’ H. Carr 
Two-Way Quiz: Darlington Middles 


Costello and Mr. H. Carr. All members are asked to cu-operate 
and submit questions for the Two-Way Quiz to committee 
members at an early date. It is hoped that the programme for 
this Session will appeal to all our members, |. B 


London Centre 


The Radio Group of the London Centre organised the largest 
exhibition of home-constructed radio, television and model 
equipment yet seen within the sphere of the Junior Section in 
a two-day display at Regional Headquarters 

[he exhibition was opened by Mr. F. I. Ray, B.S 
M.I1.E.F Regional Director, on Friday, 26th October. Of 











outstanding general interest were a radio-controlled tug, a 
magnetic tape recorder, scale models of locomotives and remote- 
controlled model aeroplanes. The cinema was an unqualified 
success 

Of specialist interest were the radio receivers and trans 
mitters, television receivers, transmitting valves and a demon- 
stration of speech transmission by light 
photographs show a small section of the very large number of 


waves The 


items on display 

Che presentation of prizes by Mr. W. S. Procter, M.1.E.E 
F.R.S.E., Chief Regional Engineer, was followed bya surprise 
item. Unknown to Mr. Proctor a record of his 1951 A.G.M 
address had been made and this was handed to him by Mr. A 
G. Welling, London Centre Chairman 

Thank you, Regional Headquarters and exhibitors for your 
kind co-operation in making this exhibition a success 

M. J.G 
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Staff Changes 


Promotions 





Name 


Deputy E.-1 Engineer-in-Chie} 


Radley, Dr . E.-in-C.O 


Stf. Ener. t Engineer-in-Chief 


Reading, Col 7 ‘ E.-in-C.O 


S.P.Sc. Off 


Ryall, Dr. | 


Asst. Stf. Engr. to C.RJ 


Phillips, R. 5 .-in-C_O 
isst. Stf. Engr. to Staff Engr 
Jones, R. E : ‘ kb 
McMillan, Col. D E 


-In-C.© 
in-C.© 


Snr. Exec. Eng {sst. Stf 
Smith, P. E. ¢ k 
Floyd C. F FE 


kingr 
in-C.O 
in-C.©) 


Snr. Exec. Engr. t 


Principal 


rhompson, J. O E.-in-C.O 


Manager Engr. to Asst. Stf. Ener 
Graham, E. | .. E.-in-C.O 


Deputy Engr. t Exe 


Beatson, H 


E-ney 
~.-In-¢ 


Sny 


Exec. Engr. to Snr. Exec. 
Birchall, J. V. R 
Cooper, R.A 

Balchin, D. B 

Clitford, F. G 

Pearson, H. E 
Lowry, W. R. H 

Pride, C. A 


isst 

Bird 
Blease, R. ( 
Briggs, E 
Bull, W. H 
Self, G. A 
Sturdy, F. H 
Hayward, R. W 


to Exec. Engr 
N.W. Reg 
E.-in-C.O 
H.C. Reg 
H.C. Reg 
H.C. Reg 
H.C. Reg 


| Ener 
Hope H.R 


fo Snr 


kxp 


Tech. Officer t 
Stephen, G 
Gee, J H 
Notman, R. A 
Macbride, J. M. R 
Spooner, J. H 


{sst. ngs 

Scot 
Mid. Reg. 
Scot. to E 
Scot. to E 
H.C. Reg 


to E. 


Region 


to H.C. Reg 


to L.P 


Rey 


toA.& PRD 


to EF 


in-C.O 
to E.-in-C.0 
-in-C.O 
In-C.O 
to E.-in-C.O 


Date Name 


Tech. Officer to Asst. Engy 
Harris, R. H 
Miller, C. B 
Gammon, P. W. J 
Porritt, W. R. A 
rhompson, J. A 
Mills, C. S 

Bell, N. . 
Clarkstone, K. H 
Hoyle, J. H 
McLachlan, A. 5 
Lawson, R. N 
McGilvray, D. A 
Mott, W. W 
Fuller, J. A 
Donn, G. S$ 
Meadows, A 
Gregson, G. 5 
Dodsworth, G. W 
Lawton, R. F. N 
Thomson, A. M. M 
\ndrews, A. ¢ 
Jannerman, C. I 
Clipstone, 5 
sirch, C. B 
\mbrose, F 
O'Neill, R. T 
Sheppard, H. G 
Foulkes, S. A 
Everett, D. T 
Roe, N J 

Gilks, G. F. L 
Jarvis, E. G 
Clatworthy, J. ! 
Corner, F. B 
Elliott, D. G 
Gosby, J. T 
Jackaman, C. N 
Stokes, i H 
Jeffrey, R. J 
Albutt, L. A 
Wood, J. W 
Veitch, S 

Nix, H. G 
Bristow, H. \ 
Cooling, J. O 
lolliday, E 


2.10.5 


16.105 


M.T.O. I11 to M.T.O. Il 
Brownlow, P. E . 
Thomas, A. W 

isst. (S to A 

Laidlow, J]. O 

dsst. (Se 

Waldie, | 

Batey, H. 


Region 


ontinued 


in 
In 
in 
In 
in 


Reg 


C. Reg 


Reg 
Reg 
Reg 
Reg 
Reg 
Reg 
Reg 
to E 
Reg 
to E 


to E.-in-C.O 
to E.-in-( 
to E.-in-C.O 
to E.-in-C.O 
to E.-in-C.O 
to E.- Oo 
to E. -C.0 
to E.- aan 
to E.- oO 
.-in-€ 

to E.- 

in-( 

toE 


g. to EF 


toE 
Reg 
to E 
C.O 
eo) 
QO 


( 
( 
( 
( 
( 


£.-in-C 


in 
in 
in 
in 
in 
I 


( 


( 


Reg 
In- ee ° 
..W. Reg. to E.-in-C.O 


C.O 


Reg 


toE 


in-¢ 
to E.- 
in-¢ 
to E 
to 
in-¢ 
to E 
In-( 


in-C.Q. 


toE 


in-C.O 


LRKELKKHOSE 
ae oh eh oe ah ol = ie 


20.10.51 
20.10.51 





Transfers 





Name 


isst. Stf. Engr 


Potts, E 


Snr 


Exec. Engr 
gjomford, K. DD 


Exec. Engr 

Moody, W. R. N E.-in-C,.O 
Finnamore, A. | E.-in-C.O 
McMillan, | N Scot. to E 
Baxter, E. ¢ E.-in-C.O 
Goman, L. \ H.C. Reg 


{sst. Engr 
laylor, R. I I 
Bailey, G. W kK 


in-C.O) 
in-C.O 


Region 


to Min. of Supply 


to Min 


f Supply 


to S.W. Reg 
to Admiralty 
in-C.O 

to L.T. Reg 
to E.-in-C.O 


to Min. of Supply 
to H.C. Reg 


Name 
Asst. Engr mtinued 
Eastwood, D 
Lewis, H 
Sparkes, G 
Edmondson 
Gale, F. G. 1 
Cooper, C J 
Newman, W. I 


J S 


Sur. Sc. 
Garrett, F.5S 


Of 


Isst. (Sc 


Wilson, P. I 


R 


in-C.O 


\ustralia 


egion 


to N.W. Reg 

to Min. of Supply 
to Min 
to N.E 
to Min 
to Min 
to L.T 


Reg 
of Supply 
of Supply 
Reg 


to National Coal 


to P.M.G.s Dept 


of Supply 


Date 


30.9.2 
15.10.5 
22.105 
28.105 
17.10.45 
17.10.45 
8.11 
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Resignations 





Name 


snr. Exec. Engr 


Saville, W 


isst. Engr 


Davey, W. P 
Simmonds, J. P 


Date 


Tr 


Roe 


Charles ] M 


12.10.51 isst. (S 


18.5.5] Butler, D. W 





Retirements 





Name 


ing 


Grill, Sir Archibald 


ineev-in-Chief 


tonal En; 


Gosney, G 
Stanier, W. H 
Lee, J. A 
Smith, C. A 
Verney, |. PLS 


’ 


J 


Date 


1.10.51 Wiper 
Sandford 
Johnson 
Holloway 
Yarrow 
Usher, (¢ 
Tomlinsor 
Thomson 
Gray, \ 
Inspector 
Rushworth, F. RK 
1951 Mann, D 
12.9.51 Reynolds, F. G 
20.10.51 Muller, P 
31.10.51 Mower, G 
24.10.51 Durien, R. I 





Deaths 





Burdick, ¢ 
Janks, I 





LERICAL GRADES 


Promotions 





Date 


1.10.51 


29.9.5] 





Transfers 





Date 





Retirement 





Date 


30.9.51 





DRAUGHTSMEN 


Transfers 





I 


Name Region 


eading D'mar 


Lander, W. J 


Factories Dept. to E.-in-C.O 








Book Reviews 


Alternating-Current Machinery.’’ B. F. Bailey, Ph.D., and 
J. S. Gault, M.S.(E.E.). McGraw-Hill Publishing Co., 
Ltd., London. 421 pp. 359 ill. 5ls. 


his book deals with transformers, alternators, rotary 
converters, synchronous motors and induction motors of all the 
common types. It gives some information on selsyns, but 
rectifiers are not covered. It is entirely American, but this 
fact is not obtrusive in reading as the nomenclature and 
symbols agree generally with practice here 

The book is intended for those with a good knowledge of 
,4.C. and D.C. theory, and the authors have avoided the 
common mistake of trying to compress this fundamental 
theory into an opening chapter. No time is lost in getting into 
transformer theory, but the stimulating effect of the very direct 
approach is marred a little by the authors feeling it necessary 
to explain that transformers cannot be used on D.C. and 
cannot change frequency. There are numerous worked 
examples in the text and a number of problems for the student 
is set at the end of each chapter. The answers are not included 
_Full details of speeds and outputs of the machines are given 
under most of the many photographs illustrating the text, but 
these are of little value as it is not possible to gauge the sizes 
of the machines. 

The mathematical treatment of the subject has been reserved 
tor three concluding chapters to keep mathematics in the te xt 
to a minimum. Unfortunately, in following this course, the 
authors have not avoided the error that so many earl er 
writers have fallen into, that of crediting physical quantities 
with intelligence. For example, on page 8 they say, ‘““‘When 
current flows in the secondary, the primary current increases 
immediately to counteract it magnetically. 

The layout of the text and the quality of the paper and 
binding leave little to be desired. Like most American text- 


books it is easy to read and it should be useful to students in 
the fourth and fifth years of the Higher National Certificate 
Course in Electrical Engineering ; A. E. P 


Fractional Horse Power Motors. Stuart F. Philpott, 
M.1.E.E. Chapman & Hall. 367 pp. 262 ill. 30s 
Small electric motors have become so much a part of indus- 
trial, commercial and domestic mechanisation that nowadays 
they are regarded as indispensable, as, in fact, theyare. It is not 
surprising, therefore, that the author claims that the manu- 
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facture of small motors and motor-driven appliances con- 
stitutes a major section of the electrical industry in Great 
Britain. 

The author has adopted the usual classification dependent 
on characteristics of the electricity supply for which the 
motors are designed, viz., D.C., Universal (D.C. and A.C.) and 
A.C., and within these three broad categories he lists 18 types 
The principles, operating characteristics, construction and 
applications of each type are given in successive chapters 
Elementary theory of motors is included for the sake of 
completeness in treatment and to assist the reader who has 
little technical training. Chapters are devoted to mechanical 
features common to most types, to a comparison between 
types and to the selection of a motor to meet various applica- 
tions. In the space of one chapter one cannot expect more 
than a brief selection of typical applications, but this selection 
has been well made to cover the domestic and industrial field 
with dictating machines as a commercial example. A. brief 
reference is made to the precautions essential to ensure safety 
in use of portable electric tools. This section could with 
advantage have been expanded. The last two chapters cover 
the testing of motors, and radio interference suppressors. 

The author has set out, not to present any new material 
but to collate a whole mass of information on small motors 
into a book of reasonable size. The method of presentation 
is to be commended as are also the excellent diagrams and 
photographs. It is a book that should have a wide appeal, 
presenting, as it does, very comprehensive information on 
small electric motors of British manufacture. Wes oe 


Wireless World” Diary 1952. Iliffe & Sons, Ltd. 80 pages of 
reference material—plus the usual Diary pages of a week 
to an opening. Morocco leather, 6s. 1¢d. Rexine, 4s. 34d. 

Diversity of information is one of the outstanding features 
of the ‘‘Wireless World’’ Diary, now in its 34th yeaS®f publi- 
cation. In addition to general information and addresses of 
radio organisations both in the U.K. and abroad, the 80-page 
reference section includes base connections for some 670 valves, 
design data and the kind of technical information so often needed 
but seldom readily available in tabloid form. 

Compiled by the staff of ‘Wireless World,”’ the technical 
data includes formule ranging from Ohm’s Law to P.A. power 
requirements; abacs for the graphical estimation of data such 
as coil windings and circuit constants; circuit diagrams varying 
from simple detector circuits to a 90-Mc/s converter; and 
details of television and F.M. aerials 
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flies to be 
of service 


At home and overseas DENSO TAPE is recognised 
as being indispensable for emergency repairs of 
damaged electricity and telephone cables, fractured 
gas mains, etc.—and we have had to make more 
express deliveries than we care to remember! 


This particular consignment (part of which is seen 
in the illustration) is for hurricane damage repairs 
and was despatched by air in response to an urgent 
$.0.S. from Jamaica. 


DENSO TAPE is an anti-corrosive of proved ability 
and provides full and lasting protection against 
corrosion to pipes and all metal structures, whether 
buried or exposed . . . and is a real aid to frost- 
proofing. 


Use DENSO TAPE for the waterproof sealing of temporary cable 
joints and openings, cable ends, etc. 


WINN & COALES, LTD. 
DENSO WORKS, CHAPEL ROAD, LONDON, S.E.27 
Telephone: GIPsy Hill 4247/8 Telegrams: Denselte, Westnor, London 

















ANOTHER STROWGER EXCHANGE 





WEMBLEY AUTOMATIC EXCHANGE is the latest to 
be installed in the London Director area by 
Automatic Pelephone & Electric Company 
Limited. Dialling facilities are provided for a 
maximum of 10,000 subscribers to 185 exchanges 
and the majority of the 1,500,000 telephones in the area. 
The Strowger two-motion selector, thousands of which form part of the 
Wembley exchange equipment, is the principal selecting mechanism and 
incorporates in its design all the facilities which many years’ operational 
experience have shown to be necessary, yet retains the simple straightforward 
step-by-step principle of operation characteristic of the Strowger system. These 
qualities are apparent to a marked extent in the type 32A Mark II Selector, 
which is the most recent model. To-day this selecto offers the most suitable 
basis for automatic telephone systems of any size. Its simplicity, economy, 
reliability and ease of maintenance are the factors of principal appeal to 


telephone administrations in all parts of the world. 


TYPE 32A MARK Ii SELECTOR 


Automatic Telephone & Electric Co. Ltd. 


Strowger House, Arundel Street, London, W.C.2. 


Telephone: TEMple Bar 4506. Telegrams: Strowger, Estrand, London, Strowger Works, Liverpool 7 


AT.7731-AA23 
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The NT2 is a very 
small cold cathode 
diode of wide appli- 
cation: e.g., in 
counters, storage 
circuits, low current 
stabilisers and so on. 


It is moreover an 
ideal indicator tube 
15-0 giving a clear bright 
mm MIN indication with cur- 


| rents as low as 0-3 
-- — mA. 


RATINGS 


Nominal strike voltage 


Nominal maintaining 
voltage at 0-5 mA. 


Maximum power 
dissipation 


Maximum current for 
continuous operation 
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THE SCIENTIFIC 


VALVE 
BRITISH => MADE 


GREENHILL CRESCENT 
HARROW-ON-THE-HILL, MIDDX. 


Telephone: HARrow 2655 





THE OSCILLOSCOPE BOOK 


By E. N. Bradley. Full constructional details of a hensive but i i 
oscilloscope, together with several auxiliary units: time base, wobbulator, af. 
generator, and square wave unit. An explanation is given of a wide range of tests 
using this (or any other) oscilloscope; complete instructions for setting up, aided 
by copious illustrations, of typical circuits for testing; and the use of the oscill 

for precision calibration of an a.f. paneer. iNustrated with a complete set of 
necessary traces. 88 pages, demy 8vo., 5/- 





TELEVISION RECEIVER PRACTICE 


By Roy Holland (Chief Development Engineer, Scophony-Baird). This book is devoted 
to practical descriptions of the circuit techniques in current use. The majority 
the 80 illustrations are circuit diagrams with explanatory waveforms and typical 
component values. 80 pages, demy 8vo., 5/-. (To be published early February. 


AUDIO HANDBOOKS 
A new series specially written by N. H. Crowhurst, A.M.1.E.E. 


No. |: AMPLIFIERS. ‘This book is neither a theoretical treatise on the design 
of amplifiers, nor yet a constructional a a. Au “¢ fact, intended as a guide to 
‘Trouble Shooting’ for the constructor w an amplifier, but then finds it 
doesn’t work. To this end a TROUBLE TRACING. GuIbe has been included which 
refers the reader to the a ads ge — in the book. _In the various chapters 
the most common causes of trouble (e.g., Distortion, and rmodulati 
etc.), are dealt with in some detail, and sufficient basic Peon is gi to enable the 
constructor to locate the trouble and apply an intelligent remedy. ‘‘Electronic 
Engineering.”” 64 pages, demy 8vo., 





No. 2: FEEDBACK. An essentially practical approach to the problem, explaining 
what feedback can do, where and how, and what its limitations are. A simple 
presentation of the theory of closed loops, progressively developed without in- 
volved mathematics. Examples are given of practical application to actual circuits, 
showing how the methods can be applied to a wide range of problems and circuits 
64 pages, demy 8vo., 3/6. (To be published early February.) 


Succeeding volumes in this series will cover TRANSFORMERS—USE AND DESIGN; 
PUBLIC ADDRESS; and QUALITY CONTROL. 


NORMAN PRICE (Publishers) LTD., 
283, CITY ROAD, LONDON, E.C. I. 


A.C. Fu wunose Wound 
Rotor Rows Rheostot. 


FOR EVERY ( PHASE OF ELECTRICAL WORK 
ae 


The British Electric Resistance Co. Ltd. can 
answer the multitude of resistance problems 
that beset the electrical circuit designer. For 
twenty years Berco resistances have been giving 
reliable and steadfast service, and the Berco range 
Is designed to meet every requirement. 

Berco engineers are specialists In resistance 
design and their knowledge is at your disposal. 





RESISTANCES 
THE BRITISH ELECTRIC RESISTANCE CO. LTD. 


Queensway, Ponders End, Middlesex 





Telephone: Howard 1492 Telegrams: Vitrohm, Enflelé 
BR2033 





AUTOMATIC VOLTAGE 
REGULATORS by B.P.T 


Maintaining a constant voltage unaffected by variation 

in the supply voltage, frequency, load and load power 

factor is a problem which can be solved by the aid of our 

standard range of Automatic Voltage Regulators. For 

single phase operation there are 11 models from 124 to 

240 amps, for three-phase there are 13 models from 

74 to 150 amps. 

Three typical models are illustrated from our standard 

range of wall or floor mounting types. 

TOP 3-phase, air cooled, wall mounting model. Input 440V 
10%, output 440V 1%. 74 amps. 

LEFT  3-phase, air cooled, floor mounting (cubicle) model. Input 
440V 10%, output 440V 1%. 40 amps 

RIGHT Single-phase, air cooled, wall mounting model. Input 
250V 15%, output 250V 1%. 25 amps. 


Please write for further information and literature. epaoi'9 





BRITISH POWER TRANSFORMER CO. LTD. 
Phone: HOWard 1492 QUEENSWAY, PONDERS END, MIDDLESEX Grams: “ Vitrohm Enfield” 
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FERROMACGCNETIC FERRITE 


For Line 
Communications : 


[* THE design of Mullard pot core 

assemblies types 36 and 25 full ad- 

vantage is taken of the characteristics 

_ of Ferroxcube to produce inductances 
‘ ue of remarkably high “Q”’ factors. This, 

0 TYPICAL Q VALUES combined with ease of winding, makes 


1 Frequency in K 10 100 these cores very suitable for use in filter 


OUTSTANDING FEATURES networks and wherever high quality 
inductances are required. 

Low hysteresis coefficient * Self screening Fine adjustment of inductance is 

* Controlled temperature coefficient obtained by control of the air gap rather 

: * Operation over a wide frequency than by variation of the turns. 

Low self capacitance range The good screening properties of the 

Controllable air gap facilitating * Ease of winding and tapping Ferroxcube and the convenient shape 


inductance adjustment * Easily mounted of the assemblies, which allows stacking 
‘ or individual mounting, are other features 


PLEASE WRITE FOR FULL DETAILS which distinguish these Mullard cores 


Mullard FERROXCUBE 


MULLARD LIMITED - CENTURY HOUSE + SHAFTESBURY AVENUE - LONDON - W.C.2 


High values of inductance 
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MARCONI 


serves 


mankind 





MARCONI’'S WIRELESS TELEGRAPH COMPANY LTD 








x 








When Marconi died, one tribute 

said of him “What other men had been 
content to prove impossible, 

he accomplished”. From simple 
beginnings his inventions in wireless 
have been extended to hundreds 

of activities. Every weather-ship report, 
every wireless-bearing taken from 

a flying-boapand every radio 
programme broadcast traces back to 
the pioneer who put his genius 


at the service of mankind. 


CHELMSFORD ESSEX 





DELARON LAMINATED PLASTIC BOARD 
is the perfect material for insulation. It gives 


constancy of performance within very close limits and can be sawn, drilled, punched and fabricated without 


difficulty with ordinary equipment. Delaron is supplied in thicknesses from 1 64" to 4”, in black or brown, matt 


or glossy finish, and is available in the widest range of sizes from 38 28" to 8 ’. There is a grade of Delaron 


for every British Standard and Ministry Specification. Our Technical Service Department will be pleased 


to advise you in the correct grade of Delaron for your requirements. Please write for further details and samples 


bh lectrical transformer bobbins fabricated from * Delar 


Switch components manufactured by Messrs. Arrow 


Electric Switches Ltd. using * Delaron’ as an insulator, 


THOMAS DE LA RUE & CO. LTD. (Plastics Division), Imperial House, 84/86, Regent Street, London, W.1 
Phone: REGent 2901. Grams: Delinsul, Picey, London 








CARPENTER POLARIZED RELAY 
TYPE 4 


oyun is a medium speed, sensitive polarized relay designed primarily as 
a telephone impulsing relay (D.C. dialling up to 100 miles and V.F 
dialling on trunk circuits). It has also been successfully adopted for use in 
Telex systems, but can be used satisfactorily up to speeds of 100 c/s without 
contact chatter or serious bias disturbances. 
Its sensitivity is such that when the gap is adjusted to .004 in. nominal, the 
relay will just operate at 50 cycles with 3.5 ampere-turns R.M.S. (correspon- 
ding to approximately 2 mVA) or on 4.5 D.C. ampere-turns at low speeds. 
In service, however, the relay is normally operated at currents substantially 
larger than the minimum operating current quoted. 
Contact chatter is absent if the contact gap does not exceed .005 in. The 
contact gap is adjustable by means of fine pitch screws with knurled heads 
=—_—_ \ marked with .001 in. divisions. Contacts on the armature tongue are 
DIMENSIONS nsulated from it and thereby from the frame. 
oun 4 , The relay has a magnetic screening cover with transparent removable top 
CARPENTER to facilitate contact adjustment. 
RELAY :-— Dimensionally the relay is interchangeable with the type “‘ 3000 "’ relay and 
With cover can be supplied to fit directly to the drilling normally provided for the 
juding wiring “ 3000 "’ relay. 
s) 3.5 ins. high x . q = m 
28 tes. wide x | in. Termination can either be made by means of a 12 in. plug base as illustrated, 
deep. Weight !3 ozs or with soldering tags in place of the pins. 


Developed & Manufactured by the Sole Licencees:— Complete details available on request. 


TELEPHONE MANUFACTURING COMPANY LTD. 


Contractors to the British Commonwealth and Foreign Governments 





GiPsy Hill 2211 (10 lines) 





HOLLINGSWORTH WORKS - DULWICH - LONDON, 5S.€.2! 


One THE Model 7 Universal AvoMeter is the world’s most widely 
The AvoMeter is one of a useful saocnnctguaated used combination electrical measuring instrument. It provides 


measures :— 


range of “Avo” electrical testing Cina. ail.: an 50 ranges of readings on a 5-inch hand-calibrated scale, and is 
instruments which are maintain- Voltage, A.C. guaranteed accurate to B.S. first grade limits on D.C. and A.C. 
ing the “Avo” reputation for —— ba dy” from 25 c/s to 2 kc/s. It is self-contained, compact and portable, 
an unexcelled standard of accuracy aii fe org | simple to operate and almost impossible to damage electrically. 
and dependability—in fact, a ' mids.) It is protected by an automatic cut-out against damage through 
standard by which other instru- a - ; = severe overload. 


; (0 co 2 watts) 
ea judged. Decibels ( — 25 Db Sole Proprietors and Manufacturers :— 


+ 16 Db. 
™ , THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Led. 
Write for fully descriptive pamphlet, Winder House, Douglas Street, London, S.W.1. Phone : ViCtoria 3404-9 





Motordriven, 110,220 volts A. C., espe- 
cially designed for radio schools. 


Special design of printing wheel gives 
very distinct record and absence of ink- 


ing troubles. 


X} «= Write for comprebenstve catalogue. 





4, SYDHAVNS PLADS + LONDON OFFICE: 5, ST. HELENS PLACE 
COPENHAGEN SV . DENMARK LONDON €E.C.3. 





HACKB KI) IDGE 
ompany Limited 

ae WORKS, HACKBRIDGE, SURREY 

in Association with Bryce Electric Constraction Company Lad 


at: 
Birmingham, Bristol. Cardiff Manchester, Neweastlc. Shefiel4 








&E.C: SELECTOR SESO 


Occupies the same space as the 2000 type. 


Offers exceptional stability of adjustment. 


Is easily adjusted when necessary, due to 


extreme accessibility. 
Positive datum for all adjustments. 


\bsence of interdependent adjustments. £ 





The Largest British Electrical Manufacturing Organisation 





or the telephone services of the World 


Unit construction of 
magnet assemblies. 


More efficient magnetic 
circuits. 


B.P.O. 600 type spring- 


sets. 


Direct operation of 
springsets. 


Long-life wipers. 
Simplified toggle inter 
rupter. 

Fixed main shaft. 
Minimum flexing of 


main shaft during 
rotary stepping. 





Vo wiper tube dis- 
tortion. 


No anti-bounce plate 
required. 


Rotary overshoot 
practically eliminated 


Selector removable 

from shelf only when 

wipers are free of the 
hank. 


Operates on original 

Strowger principles, 

llowing digit absorp- 
tion, 


Independent rotary re- 
lease allows economical 
operation over large 


P.B.X. groups. 





Lighter in weight than 
the 2000 type. 


GENERAL ELECTRIC COMPANY . OF ENGLAND. 











ATE/TMC Type 600 transmission 


Precision Measurement of Attenuation 











This diagram shows the basic arrangement for 

measuring the loss of a filter by a comparison method 

A signal derived from the oscillator is sent into the 

filter and a variable attenuator in parallel. By electronic 
switching the two attenuated signals which result 

are presented as adjacent rectangles of light on the 
screen of the cathode ray tube of the level comparator. 
The heights of these rectangles are proportional 

to the amplitudes of the respective signals. The standard 
attenuator, contained in the transmission measuring 

set, is adjusted until the two signals are shown by the com- 
parator to be of equal amplitude. The final attenuator 











ce 














setting gives a direct reading of the loss of the filter. ] 
‘Frequency runs” can be taken in a fraction of the usual UN DER | 
time, by “‘sweeping” the oscillator frequency | 

through the desired range and watching for variations TEST | 
I 

! 


of the signals displayed by the comparator. Fortuitous 
variations of output of the test oscillator are of no 




















consequence since both amplitudes are affected in ad iin ced = 
the same way. 

The frequency range of the oscillator is 300 c's to 160 
kc’s, and when used with the level comparator the 


I.M.S. gives facilities for measurement of loss or gain 











of 70 db, with an accuracy of + 0.1db, in circuits of 
600, 140 or 75 ohms impedance. 

These three instruments form part of a comprehensive 
range covering the measurements of impedance, capaci- 
tance, singing point and crosstalk. All are arranged for 





mains or battery operation and are light, robust and 
portable. They are designed and constructed to the 
high standard of quality in material and workmanship 
which is a feature of all “ATM” products. 

















Distributors :-— 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


Radio and Transmission Division, 
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2. 
Telephone: TEMple Bar 9262. Cablegrams: Strowgerex, London. 











Testing Equipment... 
or Gain by VISUAL Comparison 
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MEASURING SET 3 
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OSCILLATOR 


Joint Manufacturers :— 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD., LIVERPOOL & LONDON 
TELEPHONE MANUFACTURING CO. LTD., ST. MARY CRAY, KENT. ATA#Z1-NAXI05 
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JEMENS 
NO 17 
M.ALN. 


System 




















Fort Rouge Exchange, 
Winnipeg. Suite of Final ; Kelowna. 


Selector Racks with covers 


- . British Columbia 
pened gengparet aco! Penticton. 


Vernon. DF. Wale. © De | 





bn addition to an 2 ° 
Dauphin. Manitoba 
extension of the 


equipment at kort Selkirk. Dy | a | DA 


Rouge  bkxchange. 
orders are in hand Victoria 


- North Essendon , 
ae See , ™ AUSTRALIA 


asa Balawayo SOUTHERN 
ia} IY 17 ORY Bi | 


Systems tor 








The electors ain the No. 17 M.ALX. System are 
controlled directly from the dial. Apparatus of out- 
standing simplicity and reliability mounted on covered 
racks—is one of the special features of this system 
which sets a new standard in low maintenance cost. 


SIEMENS BROTHERS & CO.,LIMITED 


WOOLWICH - LONDON - S.E.18. 





MODERN 
CAPACITOR 
ENGINEERING 


TRANSMITTING 
MICA CAPACITORS 


wa 
TRANSMITTING 
OiL IMMERSED CERAMIC 
CAPACITOR 


TRANSMITTING 
MICA CAPACITOR 


SPECIAL PURPOSE 
MICA CAPACITOR 


we eC x 
DUBILIE 


CAPACITORS 


Dubilier provide the most comprehensive range of 


Capacitors available today for Radio Transmitting and 
Receiving, in addition to Capacitors for Electronic and 


Industrial engineering. 


Dubilier Capacitors are designed and manufactured to 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, N 
Cables : Hivoltcon, London. Marconi International Code. 


Phone: Acorn 2241 (5 lines). 


a high standard of specification, suitability of purpose 
and meticulous capacitor engineering, and they satisfy 
the exacting demands of the British Postal Authorities 
whom we are proud to number amongst our customers 


Full details and technical service upon request. 


. ACTON, LONDON, W.3. 
"Grams : Hivoltcon, Wesphone, Lendon. 











Srondard Radio 


for 


VHF and UHF RADIO LINKS 


complete with channel and terminating equipment, time 
sharing and frequency sharing 


Snr ondard engineers 
are always available 
for consultation on any problem 
connected with 
telecommunications 


MF, HF and VHF BROADCASTERS 


and associated equipment 





























Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 
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HF RADIO COMMUNICATION 
complete systems 





























MOBILE COMMUNICATION EQUIPMENT 


TELEVISION 
sound and vision transmitters 





DIO DIVISION, OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.I! 
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NAVIGATIONAL AIDS 
air and ground 











FOR E tA TL Supplies sotnr 6S Sarre 


S6EHT.40 iio 
ae ati volts 


Type 36EHT rectifiers contain high-voltage ‘'Westa- 3800 vorts 


lite’’ elements resulting in a greatly reduced length 

of unit for any given output. They have been : 

developed to meet the demand for small, compact me _ 10,406 
metal rectifiers to provide E.H.T. in many forms of Witsers 
equipment where the current demand is unlikely 

to exceed 2 mA D.C., as, for example, cathode ray 

tubes, electron multipliers, condenser storage 

devices, etc. 


For further information and tables of outputs of 
— 


S6EHT. 240 





36EHT MINIATURE HIGH-VOLTAGE RECTIFIERS 


write for Data Sheet No. 60 and metal 
rectifiers for E.H.T. supplies to 


Dept. P.O.1I, 
WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 82 York Way, King’s Cross, London, N.! 

















Electrical Standards for 
Research and Industry 
Testing and Measuring Apparatus 

DIRECT READING for Communication Engineering 
VARIABLE CONDENSERS 


SULLIVAN & GRIFFITHS 


WITH NOVEL AIR CAPACITANCE 
DECADE RANGE EXTENSION 


This air dielectric condenser comprises a decade of 
air capacitance and a continuously variable air condenser 
thus giving a scale accuracy ten times that of an ordinary 
variable condenser of the same range. 





Thus a decade of capacitance is provided—permanent in 
value and entirely free from loss, the only loss present in 
the complete combination of decade and variable con- 
denser being that due to the solid insulating material 
which is ordinarily employed in the construction of the 
latter. 


The variable condenser has a range of 100uuF which is 
extended to 1100uuF by ten increments of 100uuF, all 
adjusted with accuracy so that the decade is absolutely 
direct reading in yuF, no corrections or calibration being 
necessary. 





LIST No. C880 








H. W. SULLIVAN, LTD., LONDON, S.E.15.____| 























TUNGSTONE PLANTE CELLS are being supplied to the British Post Office 
They 


and Post and Telegraph Departments in many countries overseas. 


conform fully to G.P.O. and British Standard specifications. 


OPEN TYPE CELLS 

Similar to the illustration above, these are 
available in glass and/or lead lined wooden 
boxes in capacities from 100 a.h. to 500 a.h. 


REPLATALS 


We are in a position to supply plates 
for the replating of any existing Planté 
Battery. 


ENCLOSED TYPE CELLS 

As illustrated on the right, these are in 
moulded glass boxes with sealed-in lids. 
Capacity range from 10 a.h. to 200 a.h. 


HIGH VOLTAGE TELEPHONE BATTERIES 


Portable Type. Standard layout for 50 volts, 
in waxed hard wood crates, exactly to the 
requirements of the G.P.O. 


Overseas customers are invited to cable or write their enquiries 
for batteries or parts. Visitors to London are welcome at 


our offices. 








TUNGSTONE Batteries 


For further particulars write: TUNGSTONE PRODUCTS LIMITED 
10 SALISBURY SQUARE * LONDON - E£.C.4 * ENGLAND. Cables: “Dilutum” London. 





























PITMAN’S 


The demand for qualified technicians to fill well-paid industrial | for Technical Books 


posts grows daily. An E.M.1. course of training is your quickest 
way to a key position. Our Home Study courses cover all eee 


the subjects listed below. As part of the great E.M!. Group 


(“‘H.M.V."", Marconiphone, etc.), we have first-hand knowledge | Electrical Engin rin 
of the Technical Training required in modern industry. No ee 8 


other college can offer you such a practical background of Theory and Practice (3 vols.) 
industrial experience. a Edited by Philip Kemp, M.Sc.Tech., M.I.E.E.; assisted 
__post THIS COUPON NOW-------7-7 777 by over 40 expert contributors. This notable work 
| EMI. INSTITUTES, Postal Division, Dept NDON WA. forms an up-to-date library of information on all aspects 
43, GROVE PARK ROAD, CHISWICK, oan of electrical engineering. In three large volumes, it takes 
Please send, without obligation, your FREE the place of a whole series of textbooks and reference 
works. With over 2,000 illustrations. £10 net per set. 
“The price of the publication in our view is a small one, 
having regard to the value of the authoritative infor- 
mation it provides."’"—Electrical Review. 


| Telephony (2 vols.) 


By J. Atkinson, A.M.I.E.E., Area Engineer, Post Office 
Engineering Dept. A standard textbook for Post Office 
engineers and students. Over 1,500 illustrations. 
rr ant —— . Vol. | (General Principles and Manual Exchange 

‘ ‘73 die i Systems), 35/- net. Vol. Il (Automatic Exchange 
Systems), 50/- net. 
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Telecommunications Principles 


By R. N. Renton, M.A.I.E.E. A useful work covering 
the syllabus for the City and Guilds examinations in 
Telecommunications Principles, Grades I, II and III. 
Illustrated. 37/6 net. 

“Good value ... can be recommended confidently 
to all students of Telecommunications.’’—Post Office 
Telecommunications Journal. 


E.M./. INSTITUTES — The College backed by an Industry | PITMAN, Parker Street, Kingsway, London, W.C.2 


The Mark II series of 


SAVAGE AMPLIFIERS 
for Broadcast Relay 








@ These Amplifiers are examples of what careful design can 
achieve. A lift-off back panel affords immediate access for 
maintenance purposes and the removal of six screws re- 
leases the side covers of the rack and exposes all the 
interpanel wiring. Even when the rack is sandwiched 
between others the side covers can be moved just as easily. 
All valves are accessible from the front of the rack, and are 
protected by quick release grilles. The rack is compictely 
flat fronted. The general appearance is further enhanced by 
the absence of a projecting front foot, and the masking 
of all panel fixing bolts. Similar racks carrying auxiliary 
apparatus can be placed side by side with amplifiers so 
that the whole installation is uniform in appearance. 





Complete specifications available on request. 


W. BRYAN SAVAGE LIMITED 


WESTMORELAND ROAD - LONDON N.W.9: TELEPHONE: COLINDALE7131 











I rom Al ton go batteries to power stations all over the world. Batteries, as their 


distant users tell us, that possess a certain distinctive merit all their own. Surprising, in these days 


of uniformity and standardisation? But Alton, in such an age, is perhaps a surprising place. Alton’s 


a small country town, with a friendly, satisfying life of its own. A natural place unchanged, un- 
spoiled, where the surrounding streams run down through lovely and varied country to feed the 
river Itchen pictured below. Where a man at leisure can follow his bent, be it sport or hobby or 
just plain peace of mind. Where a life worth living, a job worth doing are any man’s natural 


right : and pride in himself and the work of his hands is a wholly natural consequence 


BATTERIES OF MERIT 


Alton stationary batteries: 10 to 15,000 Ah. Also in regular 


production, renewal plates for all makes of battery, British and Continental 
AlJA 


The Alton Battery Company Limited Alton Hants Telephone: Alton 2267 and 2268 Telegrams: Battery, Alton 
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No. 47 Tape Model Teleprinter No. 7 Page Model Teleprinter 


Creed & Company Limited 


TELEGRAPH HOUSE- CROYDON ENGLAND 





AXVI 





SOUND INSTRUCTION 
by Postal Method 


} S The L.C.S., largest school in the world devoted to spare-time 
Build your own N& x training by ‘the postal method, offers you highly specialised 
equipment with x P.M.G. Certificates for Wireless Operators. 

SS C. & G. Mlumination Engineering (inter.) 


yee. 7 Cc. & G. Electrical Ragianering Practice, Instal- 
=]= /3 y ] ) lation and Telecommunications. 
Ii "f Graduateship of the B.1.R.E. 
¢ Uy 1.C.S. Examination students are coached till successful. 


SLOTTED ANGL WY //) Other Courses mest the veqnivements of af who desire to 
iy a ualify for sr yg ee mewn rad as mg ae INumination, 
it /Ma eating an a8 gee 

* Can be used over and WN) | instruction for Telegraph and Radio 

over again - OG i men, and in Elem Radar and 





% No drilling, measuring | E y experts. 
or painting > ee WRITE FOR OUR SPUCTAL BOOKLET and state the 





’ bys particular subject or Examination in which you are interested. 
= Just cut it and bolt it, \ Z Generous Discount graated to members of H.M. Foret, 
YOU MAY USE THIS COUPON—-———- 


wae Bes Internationa! Correspondence Schools Ltd. 
‘ Dept. 108, international Buildings, Kingsway, London, W.C.2 
Piease send me, free of charge, your special 
booklet on........ ea 





Write or ‘phone for illustrated literature D.29 } SS 


DEXION LIMITED 


Triumph House, 189 Regent Street, London, ‘W.1. 
TELEPHONE: REGENT 4841-5 




















PHASE MEASURING 
EQUIPMENT 


Type RX 103 





This equipment, which is based upon a Post Office 
design, is primarily intended for the measurement of 
the phase-shift and gain of the 4 characteristics of 
feedback repeaters, over the frequency range of 50 ke/s 
to 20 Mc/s. It is also suitable for similar measurements 
on amplifiers, filters, equalisers and other four-terminal 








networks. 


AIRMEC LABORATORIES LTD 


HIGH WYCOMBE-~ BUCKINGHAMSHIRE - ENGLAND 
F8t. HIGH WTCOMBR 2000 CABLES. AIAMEC NION WYCOMBE 


are 





TELEPHONE DISTRIBUTION 
EQUIPMENT 


ENGINEERS WHO ARE INTERESTED 
IN TELEPHONE DISTRIBUTION EQUIP- 
MENT ARE INVITED TO REQUEST 
SECTION T.C.13 OF OUR TELECOM- 
MUNICATION CABLES CATALOGUE. 
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CABLE WORKS, Ltd., SOUTHAMPTON, 


Telephone 
E DISWAN Line Protectors 


FOR THE PROTECTION OF LINES OF 
COMMUNICATION FROM SURGES INDUCED 
BY LIGHTNING OR FAULTS ON 
NEIGHBOURING POWER LINES 


Ediswan Telephone Line Protectors have now been in 
commission for nearly twenty years. They have proved 
their worth in ail parts of the world and are being 
called for and installed in ever increasing numbers. 
Many thousands were employed during the war years 
for the protection of vital lines of communication and 
were eminently successful. Reports of their outstanding anes 
merit and successful operation continue to reach us and - — 

in recent years they have proved of particular interest has enabled us to patent a further 
for protection against surges caused by lightning improvement which removes any suggestion of delay in 
discharges. operation. 


Further information and prices on application. 
THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
Member of the A.E.I. Group of Companies TES 
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